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Condition  ot  -Toseph  We&mer 
92,  pioneer  civic  leader  and  phi- 
lanthropist who  was  stricken 
with  double  pneumonia  Oct.  31. 
was  described  yesterday  as  noi; 
quite  as  good  as  the  day  before. 
Dr.  R.  D.  Furnish,  who  is  treat- 
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INTRODUCTION.' 


The  Physical  Geography  of  the  Sea  is  a  new  department  of   ^ 
human  knowleilge.      It  has  resulted  from   that  beautiful   and 
Irable  system  of  physical  research,  in  which  all  the  marilime 
ttioQs  have  agreed  to  nnite  ;   and  for  the  furtherance  of  which 
iz  have  been  established,  especially  in  HoIUnd,  England, 
),  and  the  United  States. 
Consequently,  research  has  become  very  active  in  this  field ; 
it  ia  diligent,  too  ;   and  in  proportion  to  that  activity  and  that   I 
diligenoe  has  been  the  advancement  of  our  knowledge  concerning  J 

the     PHYSICAL,    OEOORAI'HT    OF    THE    SEA    ASD    UB    METEOROLOOT. 

may  be-  doubted  whether  pn^ress  in  any  department  of  Bcien 
has  been  more  rapid  than  it  has  been  in  this. 

The  first  treatise  upon  this  subject  appeared  in  America  s 
years  ago.     Since  then  euoh  has  been  the  ricbness  of  the  harveat  j 
of  lacts  gathered,  that  the  work  has  undergone  frequent  amend- 
ments and  improvements ;   indeed,  within  that  time  it  has  bees 
almoet  entirely  re-written  thrice.     This  re-writing  was  necessary  I 
because  it  is  a  main  motive  with  the  aulhor  ta  havo  the  work  I 
keep  pace  with  the  science  itself.     The  consequence  has  been, 
that  each  re-cast  has  really  made  a  new  work  of  it. 

The  present  edition  is  not  only  greatly  enlarged  above  its  pre-  I 
deoessors,  but  it  is  believed  to  be  greatly  enriched  and  improved  I 
also.    It  may  even  be  doubted  whether  in  the  variety,  extent, 
snd  value  of  the  information  now  far  the  first  time  jiresented 
touching  the  sea  and  air,  this  edition  is  not  so  iar  in  advance  of 
former  editions  as  really  to  make  this  a  new  work.     n*here  error 
has  been  found  in  previous  editions,  it  has  been  corrected  in  this, 
— where  further  research  has  confirmed  opinions  that  in  them  j 
were  ventured  as  such,  the  cotifirraation  is  here  given. 

The  present  edition  contains  a  number  of  chapters  entirely  ne'' 

'  not  to  be  found  iu  any  of  its  predeceesorij.     Must,  if  not  u. 
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the  chapters  coutmneil  in  thein,  hare  also  been  enlarged,  a 
and  improved, 

In  short,  the  author  deaireB  here  to  state  to  the  frienda  and 
students  of  this  henutiful  and  elevating  science,  that  it  is  pro 
gressive — that  occupying  with  regard  to  it  Bomewhat  the  relation 
of  a  pioneer,  his  object  has  been,  is,  and  shall  be,  tkuth. 

The  primary  oiijeut  of  the  researches  connected  with  "  the 
Wind  and  Current  Charts,"  out  of  which  has  grown  this 
Treatise,  was  to  collect  the  experience  of  every  navigator  as  to 
the  winds  and  currents  of  the  ocean,  to  discuss  his  observationa 
upon  them,  and  then  to  present  the  world  with  the  results  on 
oharta  for  the  improvement  of  commerce  and  navigation. 

By  putting  down  on  a  chart  the  tracks  of  nmny  vessels  on  the 
same  voyage,  but  at  dilTereut  times,  in  ditlerent  years,  and  during 
all  seasons,  and  by  projecting  along  each  track  the  winds  and 
ourreute  daily  encountered  during  the  voyage,  it  was  plain  that 
navigators  hereafter,  by  consulting  such  a  record,  would  have  for 
their  guide  the  reaulte  of  the  combined  experience  of  all  whose 
tr&oka  were  thus  pointed  out. 

Porh&iifl  it  might  be  the  first  voyage  of  a  yonng  navigator  to 
the  given  port,  when  his  own  peraonal  eiperience  of  the  winds 
to  he  expected,  the  currents  to  be  encountered  by  tlie  way,  would 
itself  be  blank.  If  so,  there  would  be  tJie  wind  and  current 
chart  for  reference.  It  would  spread  out  before  him  the  tracts  of 
a  thousand  vessels  that  hod  preceded  him  on  the  same  voyage, 
wherever  it  might  be,  and  that,  too.  at  the  same  season  of  tlio 
year.  Snob  a  chart,  it  was  held,  would  show  him  not  onlj'  the 
tracks  of  the  vessels,  but  the  experience  also  of  each  master  as  to 
the  winds  and  currents  by  the  way,  the  temperature  of  the 
ocean,  and  the  variation  of  the  needle.  All  this  could  be  taken 
in  at  a  glance,  and  thus  the  young  mariner,  instead  of  groping 
his  way  along  nntil  the  lights  of  experience  should  come  to  Mm 
by  the  slow  teachings  of  the  dearest  of  all  schools,  would  here 
Snd,  at  once,  that  he  hod  already  the  experience  of  a  thousand 
navigators  to  guide  him  on  his  voyage.  He  might,  therefore,  set 
out  upon  his  first  voyage  with  as  much  confidence  in  his  know- 
ledge, as  to  the  winds  and  currents  he  might  expect  to  encounter, 
u  though  he  himself  bad  already  been  that  way  a  thousand  times 
beforo. 

Such  a  chart  could  not  fail  to  commend  itself  to  intelligent 
■hip^&aMora,  and  taok  a  ehart  was  oomtnioted  tar  diwit.    Xfaqr 
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)0k  it  to  sea,  liioy  tried  it,  and  to  their  sDrpriee  and  delight  1 

iiey  found  that,  with  the   knowledge  it  afii:>rded,  the  rumoU  I 

men  of  the   earth  were  brought  closer  together,   in  BOtn«  I 

es,  by  manj  days'  sail,     The  pnseago  hence  to  the  equator  I 

e  was  shortened  ten  days.     Before  the  conunencemeiit  of  thia  1 

idertaking,  the  average  passage   to  Calitbmia  was   IB^l   dnyaj  I 

lint  witli  these  charts  for  their  guide,  navigators  bare  rvduoed  ] 

that  average,  and  brought  it  down  tu  !l15  days.  I 

Between  Kngland  and  Anetraiia.  the  average  time  going,  with-  | 

I  it  these  charts,  is  ascertained  to  be  124  days,  and  cumiu(;.  about  I 

s  same ;   making  the  round  voyage  one  of  about  2^0  days  oti  I 

« average.  J 

Tlieee  charta,  and  the  syBtera  of  rosenrch  to  which  lliey  hava  I 

ven  ride,  bid  fair  to  bring  that  colony  and  the  mother  country  I 

ai'er  by  many  daja,  reducing  in  no  snuiU  measure  the  average  I 

iration  of  tlie  round  voyage.*  I 

At  the  meeting  of  the  llritish  Association  of  1853,  it  was  staled  I 

by  a  distinguished  member — and  the  etatejueu  I  was  again  repeuted  I 

St  iia  meeting  in  1854 — that  in  Doubay,  whence  lie  caiue,  it  was  I 
itimaled  that  this  system  of  research,  if  ei:tcnded  to  the  Indian 

in,  and  embodied  in  a  set  of  charts  for  that  sea,  such  as  I  J 

■ve  been  describing,  would  produce  an  annual  saving  to  British  I 

mmerco,  in   those  waters  alone,  of  one   or  two  ntilliuus  of  | 

^ars  it  and  in  all  seas,  of  ten  millions.}  I 

■  *  Tbe  outward  pes»gc>  it  has  since  bi^en  aaci^rtsiDefl.  hita  been  rmlilcod  10  I 

^da^  on  tlie  BTomj^e,  nnd  the  bamcwanl  pnaeD{;e  luu  bt!«n  inadu  ia  t!3  under  I 

[t  See  IiunguiH]  Addiou  of  the  Eul  of  Hartowli;.  Preaidunt  of  Ilio  DrltUlt  I 

leiatbni  at  ib  !ilh  mcvtiug.    linrixNil,  IS51.  I 

"Kowlel  QB  tnnko  u  calculntion  of  tli(^  nnnnnl  navio^  to  the  cninror'nw  I 

ST  the  Unltad  States  otrected  by  thone  oliarts  and  sailing  ilirei-tion*.    Aocontlii);  I 

to  Mr.  Uanry,  tiw  avcrago  freight  frani  the  Uoitnd  SiuIm  to  Blu  Jmujid  i*  I 

IT^etaper  ton  p«r  day;  toAnitialia,  2l)cta.;  to  CMifurniii,  alicabout  SOcla.  4 

Tbe  mean  of  thu  is  a  little  over  19  eta.  ptr  ton  per  day;  but  tu  tic  within  tlio  ■ 

mark,  we  will  take  it  at  IS,  and  include  all  tbe  p(>rla  of  Boulh  America.  Cluun,  I 

and  tbe  Eaal  lodieB.                                                                                            -  1 

"The  Bailing  direetiona  have  ahorloacd  the  poMnjiea  to  Onlifamia  SO  ilaja,  I 

to  Analnliii  20.  to  Bio  Janeiro  10.    Tbe  muan  of  thia  is  20.  but  we  will  bite  I 

I  {tat  15,  and  alio  Include  tbe  abavc-namcd  ports  of  Suutb  America,  CItin  a.  and  | 
fte  E^t  Indiea. 

"  \ft  futimate  the  tonmige  of  tlis  Unitnl  Stotca  engaged  in  trade  vith  thum  j 

UaoM  at  l,noo,000  turn  per  annum.  I 

["With  UiBse  data  wn  see  that  tbcro  has hwn  rffi'ct&l  n sftvtiig Tir  eiu-h  una  ] 

It  tliwe  lona  of  16  ci^uta  per  dn;  for  n  [k'riul  ot  15  ilavs.  wLicb  will  give  an  I 
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A  system  of  pbilosopkical  research  ^rhich  is  so  rich  witb  bnttt 
and  abundant  with  promise  could  not  fail  to  attract  tlio  attention 
oad  commend  itself  to  the  considoration  of  the  seafaring  oom- 
miiQtty  of  the  whole  civilized  world.  It  was  fonnded  tra  obaerva- 
tion ;  it  was  the  result  of  the  experience  of  many  observant  men, 
now  brought  together  for  the  first  time,  and  patiently  discussed. 
The  resultA  tended  to  increase  human  knowledge  with  regard  to 
the  laws  and  phenomena  of  both  sea  and  air ;  and  therefore  the 
syatom  of  research  could  not  be  wanting  in  attractions  to  right- 
minded  men. 

The  resuits  of  tho  firat  cliart,  however,  though  meagre  and  nn- 
satiBfaotory,  were  brought  to  the  notice  of  navigators ;  their 
attention  was  called  to  the  blank  spaces,  and  the  importance  of 
more  and  better  observations  than  were  generally  contained  in 
the  old  eeo-loga  was  ni^ed  upon  them. 

They  were  told  that  if  each  one  would  agree  to  co-operate  in  a 
.general  plan  of  obserrations  at  sea,  and  would  send  regularly,  at 
the  end  of  every  oruiee,  an  abstract  log  of  his  voyage  to  the 
National  Observatory  at  Washingion,  he  should,  for  ao  doing,  be 
furnished,  A%e  of  cost,  with  a  copy  of  the  chartji  and  sailing 
directions  that  might  be  founded  upon  those  observations. 

The  quick,  practical  mind  of  the  enterprising  ship-master 
seised  the  proposition  at  once.  To  him  the  field  was  inviting, 
for  he  saw  in  it  the  promise  of  a  riah  harvest  and  of  many  useful 
results. 

80,  in  a  little  while,  there  were  m 
tors  engaged  day  and  night,  and  i 
making  and  recording  obKorvations  i 
and  in  furthering  this  attempt  to 
the  winds  and  ourrenta  of  the  se 
relate  to  the  safe  navigation  of  i 
geography. 

To  enlist  the  service  of  such  a  large  corps  of  obsorvors,  and  to 
have  the  attention  of  so  many  clever  and  obeerfant  men  directed 
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Aggregate  of  S&25O,000  saved  per  aaaum.  This  ia  on  the  uutwnrd  TOfige 
liton?,uid  tlie  (onnage  ttnding  witli  all  otber  purls  uf  the  world  is  also  left  out 
of  tbo  ealculutioD.  Take  tlleHO  into  coniideratioD,  and  also  Iha  fiu't  tbnt  then 
in  a  rast  ameuiit  of  fiiroign  tonnnge  tfatting  bclwet'O  these  phiccB  nad  the 
United  Blatea,  nod  it  will  be  wen  that  tlie  BQUual  auia  saved  will  swell  to  an 
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^^ft  to  the  same  suliject,  was  a  great  point  gained :  it  was  a  giant 
^F  Mride  in  the  advancement  of  knowledge,  and  a  great  step  towards 
its  spread  upon  the  waters. 

Important  reenlts  soon  followed,  nnd  valuable  discoveries  were 
made.  These  attracted  the  attention  of  the  commercial  world, 
and  did  not  escape  the  notice  of  philosophers  generally. 

The  field  was  immense,  the  harvest  woh  plenteous,  and  there 
waa  both  need  and  room  for  more  laboiirera.  ^^hatever  tho 
reapers  should  gather,  or  the  merest  gleaner  collect,  was  to 
insure  to  the  benefit  of  commerce  and  navigation — the  increase 
ofhnmaQ  knowledge— the  good  of  oil. 

Therefore,  aU  who  use  the  sea  were  equally  interested  in  the 
undertaking.  The  government  of  the  llmted  Stales,  so  consider- 
ing the  matter,  proposed  a  uniform  system  of  observations  at  sea, 
ftnd  invited  all  ttie  maritime  states  of  Christendom  to  a  conference 
upon  the  subject. 

This  conference,  consisting  of  representatives  from  France, 

£higland,  and  Russia,  from  Sweden  and  Norway,  Holland,  Den- 

Burk,  Belgium,  Portugal,  and  the  t'nited  Stales,  met  in  BrusselB, 

"lagust  23.  1853,  and  recommended  a  plan  of  observations  which 

lould  be  followed  on  boaid  the  veasela  of  all  friendly  natione, 

d  eepeoiatly  of  thutte  there  present  in  the  persons  of  their  re- 
aitatives. 

Prussia,  Spain,  Sardinia,  Oldenbei^  and  Hanover,  the  Iloly 
Beo,  the  &ee  city  of  Hambui^,  the  repnblics  of  Bremen  and  Chili, 
and  the  empires  of  Austria  and  Brazil,  have  since  ulfeied  their 
oo-operation  also  in  tbe  same  plan. 

Thus  the  sea  has  been  brought  regularly  within  the  domains  of 
philosophical  research,  and  crowded  with  observers. 

In  peace  and  in  war  these  observations  are  to  be  carried  on, 
and,  in  case  any  of  the  vessels  on  board  of  which  tliey  are  con- 
docted  may  be  captured,  the  abstract  log^ — as  tlie  journal  which 
oontaius  these  observations  is  called— is  to  be  held  sacred. 

The  illustrious  Humboldt,  several  years  before  faia  death, 
expressed  the  opinion  that  the  results  already  obtained  from  this 
system  of  research  had  given  rise  to  a  new  deportment  of  science, 
phich  he  called  the  physical  geoorapuy  of  the  sea. 
t  Barely  before  has  there  been  such  a  sublime  spectacle  presented 
t  tho  scientific  world :  all  nations  agreeing  to  nnite  and  co- 
perate  in  carrying  out  according  to  the  same  plan,  one  system 
i  philosophical  research  with  regard  to  the  sea.     lliough  they 
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may  bo  etiomies  in  all  else,  here  they  are  to  be  friends.  Ereiy 
ship  tbat  Duvigntes  the  high  seas  with  tliese  charta  and  blaiilt 
abstract  loga  on  board  may  henceforth  be  regarded  as  a  filiating 
observatory,  a  temple  of  science.  The  inslrumentB  used  by 
every  oo-operating  vesBel  are  to  be  compared  with  standards  tbat 
are  common  to  all;  so  that  an  observaliun  tbat  is  made  anywhere 
and  in  aiiy  ship  may  be  referred  to  and  compared  with  all  bi 
observations  by  all  other  ships  in  all  parts  of  the  world. 

Hut  these  meteorological  observations  which  this  cxteDaivQ 
admirable  system  includes  will  relate  onli/  to  the  tea.  Tbia 
not  enough.  The  plan  cUould  include  the  land  also,  and  bs 
nniversal.  Other  great  interests  of  society  ere  to  be  benefited 
by  snch  extension  no  less  than  commerce  and  navigation  have 
been.  A  series  of  systematic  observations,  directed  over  large 
districts  of  country,  nay,  over  continents,  to  the  improvomont  of 
agricultural  and  sanitary  meteorology,  would,  I  have  no  doubt, 
tend  to  the  development  of  many  interesting,  impoi-tant,  and 
valuable  results, 

\Vith  proper  encouragement,  this  plan  of  researob  ia  capable 
of  great  expansioD.  With  the  aid  of  the  magnetio  telegraph,  and 
by  establishing  a  properly  devised  eyetem  of  daily  weather 
reports  by  telegram,  sentinels  upon  the  weather  may  be  so  posted 
that  we  may  have  warning  in  advance  of  every  storm  that 
traverses  the  country.  Holland,  France,  and  England,  have 
recently  eatabliabed  such  a  plan  of  daUy  weather  reports  from 
certain  stations.  And  Admiral  Fitzroy,  at  the  head  of  the 
Meteorological  Department  of  the  Board  of  Trailo  in  London, 
informs  me  that  already,  thongh  the  plan  wont  into  operation 
only  in  the  month  of  September,  18'!0.  yet  it  is  most  rich  with 
the  promise  of  a  fine  harvest  of  practical  results, 

I'he  agricultural  societies  of  many  states  of  America  have 
addressed  memorials  to  the  American  Congress,  aeking  for  euch 
extension  over  tliat  continent. 

This  plan  oontemplales  the  co-oporation  of  all  the  states  of 
riiriHtendom,  at  least  so  far  as  the  foiin.  method,  subjects  of 
obeervatiuns,  time  of  making  them,  and  the  interchange  of 
results  are  concerned.  Oi'eatgood  is  to  come  of  it — shipwrecks 
and  diaaaters  are  to  he  prevented  by  it — the  public  weal  is  to  be 
promoted  by  it,  the  convenience  of  society  is  to  be  enhanced  by 
it,  the  bounds  of  human  knowledge  arc  to  be  enlarged  by  it,  and 
itia  hoped  that  the  friends  of  meteorology,  and  all  who  may  find 


tenst  or  ploasure  in  a  pemsal  of  fhesci  passages,  will  lend  their 
dstanoe  to  the  carrying  out  of  this  plnn,  by  advocating  it 
long  their  friends.    These  reseorchee  fur  the  land  look  not  only    ' 
D'tho  advancomont  of  Iha  great  inl.ereefa  of  eaiiitory  and  ngri> 
■•Dltaml  meteorology,  but  they  involve  also  a  elndy  of  the  laws 
jHiicb  regulate  the  atutDephere,  und  call  fur  a  careful  inTestigution. 
if  aU  its  phenomena. 

-  Another  beautiful  feature  in  this  system  is,  that  it  co6le  nothing 
Idilional.  The  inslniments  that  these  ohsei'vations  at  tsea  call 
F  are  auch  aa  are  already  in  use  on  board  of  every  wcU'Con- 
llioned  ship,  and  the  observations  that  are  required  are  precisely    < 

D  which  are  necessary  for  ber  safe  and  proper  navigation, 
^  A«  great  as  ia  the  value  attached  to  what  has  been  accomplished 
J  these  researches  in  the  way  of  ahortening  paa»iges  and  lessen- 
■isg  the  dangers  of  the  Eea,  a  good  of  higher  value  is,  in  the 
,  of  many  seamen,  yet  to  conie  out  uf  the  moral,  the 
luuiitional  iufluenco  which  they  aro  calculated  to  exerb  upon 
b  seafaring  community  of  the  world.  A  Tory  clever  Kngltsh 
lup-maater,  Bjieakiug  i*contly  of  the  advantages  of  edm-Btioual 
jfluenoes  among  those  who  intend  to  follow  the  eea,  remarks  : 
|"To  the  cnltivated  lad  there  is  a  new  world  spread  out  when 
^  entera  on  his  firat  vojrage.  As  his  education  has  fitted,  eo 
'  s  perceive,  year  by  year,  that  his  profession  makes  him 
uted  with  tbiiigB  new  and  inBtmolive.  Bis  intelligence 
LI  enable  him  to  a]>pteciate  the  contrasts  of  each  country  in  \\a 
iberal  aspect,  mauners,  and  productions,  and  in  modes  of  i 
■nigation  adapted  to  the  character  of  ooaet^  cliraale,  and  riverB.  ' 
I  will  dwell  with  inlerest  on  the  phases  of  tlie  uoean.  the 
m,  the  calm,  and  the  breeze,  and  will  look  for  ti'acea  of  the 
I  which  regulate  them.  All  this  will  induce  a  eerious 
earnestness  in  his  work,  and  teach  him  to  view  lightly  those 
irksome  and  often  ollbnsive  duties  incident  to  the  beginner."* 

And  that  these  researobes  do  have  Buch  an  eSect  many  nohle- 
heartod  mariners  have  teatified.     Captain  Phinney,  of  the  Ameri- 
can ship  "  Gertrude,"  writing  from  Cullao,  January,  1855,  thus 
expresses  himself : 
^^^p*"Tn   Loo  or   a  MmoiuxT   Omcca:   viewed   witli  reference  to  tlis 
^^^HllHalian  of  young  Offlcun  sail  tlie  Youtli  at  tlie  Merctuuit  ServiuL'.     Bjr 
^^^^naar  MEranEit.  dimniaudDr  iu  tha  Peuiaaulnr  auil  OrientiU  Coiapaajr,  und 
^^HjOiar  nf  the  'Xnnativs  of  ttie  Bleahcim  Hurricnac  of  IKSI.'"     LouJan: 
^^BliD  WtnK  59  Iligli  nultrani ;   Smith,  Eld^r  X  Co.,  Comhill ;  Ackirtui 
^^■k.  Stnuil.    1851 
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"  Having  to  prooeed  from  this  to  the  Utinoha  lelandB 
remain  three  months,  1  avail  myself  of  the  present  opportnmty 
to  forward  to  you  abstracts  of  my  two  passages  over  your  southern 
routes,  although  not  required  to  do  bo  until  my  own  return  to  the 
United  States  nest  summer;  knowing  tliat  you  are  less  amplj* 
supplied  with  abstracts  of  voyages  over  these  regions  than  of 
many  other  parta  of  the  ocean,  and,  such  aa  it  is,  I  am  happy  to 
contribute  my  mite  towards  furnishing  you  with  material  to 
work  out  still  farther  towards  perfection  your  great  and  glorious 
task^,  not  only  of  pointing  out  the  moat  speedy  routes  for  ships  to 
follow  over  the  ocean,  but  also  of  teaching  us  sailors  to  look 
about  us,  and  see  by  what  wonderful  manifestutions  of  the 
wisdom  and  goodness  of  the  great  God  we  are  continually 
surrounded. 

"  For  myself,  I  am  free  to  confess  that  for  many  years  T  com- 
manded a  ship ;  and,  although  never  insensible  to  the  beauties  of 
nature  upon  the  sea  or  land,  I  yet  feel  that,  until  I  took  up  your 
work,  I  had  been  traversing  the  ocean  blindfolded.  I  did  not 
think ;  I  did  not  know  the  amazing  and  beautiful  combination  of 
all  the  works  of  Him  whom  you  so  beautifully  term  '  the  Great 
Firat  Thought." 

"  I  feel  that,  aside  from  any  pecuniary  profit  to  myself  from 
your  labours,  you  have  done  me  good  as  a  man.  Vou  have  taught 
me  to  took  above,  around,  and  beneath  me,  and  recognize  God's 
band  in  every  element  by  which  1  am  surrounded.  I  am  gratefdl 
for  tliia  personal  benefit.  Your  remarks  on  this  subject,  so  fi»- 
quently  made  in  your  work,  cause  in  me  feelings  of  the  greatest 
admiration,  although  my  capacity  to  comprehend  your  beaatifal 
theory  is  very  limited. 

"  The  man  of  such  sentiments  as  yon  express  will  not  be 
displeased  with,  or,  at  least,  will  know  how  to  excuse,  so  much 
of  what  (in  a  letter  of  this  kind)  might  be  termed  irrelevant 
matter.  I  have  therefore  spoken  as  I  feel,  and  with  sentimenta 
of  the  greatest  respect." 

Sentimenta  like  these  cannot  fail  to  meet  with  a  hearty  re- 
sponse bom  all  good  men,  whether  uaboie  or  afloat.  Admiral 
FitzroT,  admitting  the  value  of  the  practical  results  already 
derived  by  commerce  and  navigation  from  those  reHearcbes,  is  of 
opinion  that  their  influence  in  improving  and  elevating  the  mind 
of  the  BriLisli  seaman  ulso,  can  scarcely  be  of  less  importance. 

Kever  before  but  such  a  corps  of  observers  been  ealisted  in 
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the  canse  of  any  department  of  phvEical  BcienLo  as  is  that  wluob 
is  now  about  to  be  engaged  in  advancing  our  knowledge  of  the 
i'hysical  Ge<^Taphy  of  the  Sea,  and  never  before  have  men  felt 
each  an  interest  with  regard  to  this  knowledge. 

Under  the  term  "  Physical  Geography  and  its  Meteorology," 
will  be  inoladed  a  philosophical  acoonnt  of  the  winde  and  uurronta 
of  the  Bca ;  of  (he  circnlation  of  the  atmosphere  and  ooean  j  of 
the  temporaturo  and  deplh  of  the  Ben;  of  the  wonders  that  lie 
hidden  in  its  depths  ;  and  of  the  phenomena  that  display  them- 
selves  at  its  surface.  In  ebort,  I  shall  treat  of  the  economy  of 
the  sea  and  its  adaptations — of  its  salts,  its  waters,  its  climates, 
and  it«  inhabitants,  and  of  whatever  there  may  be  of  general 
'alerest  in  its  commercial  uses  or  industrial  pursnits; — for  all 

h  things  pertain  to  this  department  of  science, 
PThe  object  of  this  work,  moreover,  is  to  show  the  present 
.,  and,  from  time  to  time,  the  progress  of  this  new  and 
^ntifulsystemof  research,  as  well  OS  of  the  advancement  made  in 
a  interesting  department  of  science ;  and  the  aim  of  the  author 
■to  present  the  gleauings  from  this  new  field  in  a  manner  that 
bay  be  interesting  and  imitmctive  to  all,  whether  old  or  yonug, 
ashore  or  afloat,  who  desire  a  closer  look  into  "  the  wonders  of 
tho  great  deep,"  or  a  better  knowledge  as  to  its  winds,  its 
adaptations,  or  its  Physical  Geography.' 

*  'rbpre  is  an  nld  sod  verj  rare  t>ook  wliioh  trcaU  upon  some  of  the  mbjecta 
to  wliieli  IliiB  little  wock  relntes.    It  ia  hy  Count  L.  F.  Mirbiou.  an  Itulisn, 
Bod  m  culled  Natuhal  Dkmbiptioh  or  tbb  Beas.    The  copy  to  wliioli  1  rofei 
t«  tran«]nttid  into  Dutch  b^  Buerliaavc  iu  I'HiJ. 

e  InoTDcd  count  madt)  his  olnc-miliaDs  along  the  ooBst  of  ProvMMe  and 
jTuedoc.  The  dewriptlon  only  relntea  to  that  put  of  the  Meilitcrrsnaul, 
Is  t)ook  in  diriJed  into  (our  cliaptcn :   tho  Bret,  on  the  battom  and  ihap«  of 

und,  of  tea  water ;  the  thinl,  on  the  moFGmentt  of  aaa  «■ 

d  the  Eonrtli,  of  tea  plants, 

i  Hn  divides  ku  wuter  into  nufiieo  and  deep-snt  natei ;  becaasc,  when  be 

Ices  Bkit  Erom  snrlsce  irater  (not  more  tlisn  htiii  u  fcMit  l>c1o«  Ibe  upper 

lit),  Uiis  salt  «iil  give  a  red  colonr  lo  blue  paper  ;  wbcreiu  tho  suit  from 

ata  unlet  will  not  alter  the  colonn  Bt  all.    The  blue  paper  can  onljr 

le  ilH  ootoar  b;  the  sction  of  an  acid.    The  reason  whj  this  otud  (iodine  ?l 

nd  innirlaoo  and  not  in  deep-sra  water  is,  it  is  derived  fioni  the  air; 

tas<i{ipoacB  that  the  saltpetre  that  is  found  in  aca  wnler.  b]r  the  action  ol 

'     a  njs  and  the  motioii  of  the  wnrca,  is  deprived  o(  lis  cearoe  porta,  and,  by 

ration,  omboilied  in  the  air.  lo  be  caavcjied  lo  bessli  or  plunta  for  their 

r  dcpouted  upon  Ihe  earth's  crust,  oa  it  occnn  on  the  ptaii 

f,  whorv  llu'  L-arth  absorba  so  mach  of  this  saltpetre  vapour. 

^thinati,  also,  whs  a  valiLiblu  hibouier  iu  Ihii!  Geld.    Bis  inquiries  cnablw] 
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The  resnltB  that  are  orabodied  in  Plate  I.  oIodq  of  thia  editiofl  ' 
would,  had  the  data  for  it  been  odleoted  by  a  force  speoially 
omployed  for  the  purpose,  have  demanded  constant  occupation 
from  a  fleet  of  ten  sail  for  more  than  one  hnndred  years.  The  co- 
ordinating of  these  observations  after  they  were  made,  and  the 
bringing  of  them  to  the  present  condeufied  form,  haa  involved  a 
Tast  amoant  of  additional  labour.  OfBcers  here  have  been, 
engaged  upon  the  work  for  many  years.  This  patient  industry 
has  been  rewarded  with  the  discovery  of  laws  and  the  develop- 
ment of  irutba  of  great  value  in  navigation  and  very  precious  to 

It  would  be  presumptuous  to  claim  freedom  from  error  fur  a 
work  like  tbis  ;  true  progress  consists  in  the  discovery  of  error 
as  well  as  of  truth.  But  I  may  be  pardoned  for  saying  that  Uie 
present  edition  of  this  work  will  be  found  to  oonlain  mure  of 
truth  and  less  of  error  than  any  of  its  predecessors,  simply 
because  it  is  founded  on  wider  research,  and  based  on  the  results 
of  more  abnndant  observations  than  they.  Indeed,  it  could  not, 
or,  rather,  it  should  not  be  otherwise ;  for,  as  long  as  we  are 
making  progres8  in  any  field  of  physical  research,  eo  long  must 
the  results  continue  to  increase  in  value ;  and  just  so  long  must 
what  at  first  was  coojeoture  grow  and  giiin  as  truth,  or  fade  and 
fall  as  error. 

The  fact  seems  now  to  be  clearly  established  that  the  atmo- 
sphere is  very  unequally  divided  on  opposite  sides  of  the  equator, 
and  that  there  is  a  mild  climiite  in  the  unknown  regions  of  the 
antarctic  circle.  Over  the  extra-tropical  regions  of  our  planet, 
the  atmosphere  on  the  polar  side  of  40"  N.  and  40^  S.  is  so 
UDeqnally  divided  as  to  produce  an  average  pressure,  according 
to  the  parallel,  of  from  10  to  50  lbs.  less  upon  the  square  ibot  of 
sea  surface  in  Boulhem  than  upon  the  sqnare  foot  of  sea  surface 
in  northern  latitudes.     These,  and  nnny  other  developments  not 


ill.  Tremlileyi  to  conolutlo  ILut  thore  ure,  "nt  tbo  bottom  of  the  water, 
uountoinB,  pbtise,  vall«!r<.  xDil  cavenw,  just  an  upon  tlie  knd." 

BQt  by  fiir  tbo  mort  intoroting  sod  valuable  book  (oDPliing  tba  pliTdcal 
gMgropby  of  the  Medltemneoo  (s  Adnilnl  SditUi'i  ksl  work,  enbtlcd  ■*  Taa 
MEnmcRiiANeJLM  :  a  Ukuoib,  PBTGiOAt,  HunoBrc^  Asa  N&ltiiial.  B7 
Rear-Adimrul  WuxiAM  Uenhy  BHvm,  S£S'.,  D.CX^"  ite.  Liiudou :  Jului 
W.  Piukar  and  Son.    1854 
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less  interesting,  seemed  to  call  for  a  re-cast  of  the  work.  Indeed, 
several  new  chapters  have  been  added  to  this  edition,  and  many 
new  subjects  have  been  treated  of  in  it.  New  views  also  have 
been  presented,  and  the  errors  of  former  views  corrected  wherever 
in  them  farther  research  has  pointed  out  error.  These  researches 
have  grown  so  wide  that  they  comprehend  not  only  the  physics 
of  the  sea,  but  they  relate  extensively  to  its  meteorology  also ; 
hence  the  present  title,  The  Physical  Geogbaphy  of  the  Sea, 

AND  ITS  MeTEOBOLOGY. 


1,  AJbetnarle  Sireet,  London, 

2m  November,  I860. 
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EXPLANATION  OF  THE  PLATES. 


— This  Plale  oomblnn  in  ill  ooiMlructian  Iho  reinlU  of  l,l&a,3.U 

■  or  100,000  obMrmlJ  on  1  on  (he  hiigbt  of  the  biraiDetor  at  (ea,    The 

d  obtarvtlioiiB  emlvuie  »  period  of  Bignt  boun  cacli.  or  Ihiw  during  Ihe 

'  ftour  boun.     V-hch  niie  of  the  bnrumclrie  abMrratian*  cifiieue*  tho  meMi 

J  of  tbo  barnineleT  for  the  dmf ;  Iheri-fore  each  ooo  of  Ilic  ](»,00a  miy 

if  be  Iho  mmn  rf  many,  or  I'  nwy  he  uoly  one.    bui*—  =•  ' ''—  ""••■ 

ore  Dblalued  by  Lintcnant  Aadriu  from  tl 
„      .  It  Tuyafin  W  mil  fro  between  Ihe  parallela  oL'  ..... 

3  E,O0Q  of  Uiem  were  maile  toulb  of  Ihe  parallel  of  SC  S.,  and  obtained 
''le  loK-buoka  at  tbe  f)bacrvB(Of7  in  Wailiii]   '         -■^   -  ■     ■'       -■      -  .-    .- 


bulflce  il  la  uy,  tllat  83,334 
II  till!  Ion  of  bulcb  ahtpa 
of  50°  S-  and  36°  8.  j  IhM 


iliinirtoi 
In  WiU 


ini  of  CapUln  Wilkei,  of  the  ExploriDB  Eipe- 
3U,  on    board   Ihe  Ertbiit  and  Ternr,  in  Mgh 


Id  the  obMrvationi 
of  Sir  Jamn  Chirk    Rou,  t 

■0  latlTudea.  and  of  Dr.  Kane  in  the  Arolle  Ocean.     Bealdes  Ihese,  othera 
g  near  llie  tea  hare  been  uied,  as  thoM  at  Greenwich,  SI.  Pelenhurg. 


They  represent  Iti   i 
If  latitude  in  breadth, 

-ley  ehow  by  thi.      ....„       

ilhe.     They  are  oa  ■  icale  of  one  IHenlialh  of  ai 

anih,  except  the  lialf-bearded  arrows,  which  are  on  a  sFale  twice  ai 
e  tenth  of  an  Inch  to  tho  month.  It  will  thiu  l>e  peic«lred  at  a 
«  thai  (he  wind)  of  Ihe  longcit  durallon  are  Ihe  S.B.  trail«,  between  the 
llels  of  &"  and  10°  eolith,  where  the  long-feathered  arrowi  repreient  a 
nl  average  of  (en  nionthi. 

~     '  prevalenr  wlndi  in  each  Imiu]   are   renreecnted  by  full-featbertd 
iie»l  by  balf-fealherei!,  except  lielwcen  the  parallel*  of  no"  and  SS" 
e  N.E.  and  ».W.  »lnd«,  nod  between  the  i«nillela  of  ay'  and  40°, 
«  Ola  S.fl.  and  S.W.  wind*  contend  lor  the  mantcry  a*  lo  avara)^  annual 


It  to  it,  are  prtgeeted    , 


.  .-    _  of  arrow!  on  each  ilde  of  the  a>l>, 
Jie  ntmoet  care  u  lo  dlmetion.  and  length  oi 
!  feathered  arrowi  in  tho  shading  aroand  the  olrele  r«pT«>en(  the  erOMing    I 
r  calm  hells,  and  Ihe  great  equatorial  and  polar  movement*  by  upper  and    J 
curtenti  of  air  In  it*  general  ayitem  of  atmoeplieiical  dreulaljon, 
!  email  featherlen  and  coned  arrow*,  a  7  r  i,  on  the  ahadlng  around  tha    1 
t,  are  Intended  lo  auggest  how  tlie  trailt-wlnd*,  *■  they  eroH  pardltla  rf 
n  attd  larger  etnamhKnoa  on  their  way  to  the  ■<)Dalflr,  act  a*  an  undertow,    I 
''*<■  luppliea  of  pnra  air  down  from  (be  countei^urrenl  iLove:  whloh   1 
a  are  reqidred  tu  nallBty  ihe  Inereaaing  demamla  of  tbr«c  wind*-,  for,  a* 
,      «r  Ihe  aqiiBlor,  lliey  nut  only  emia  paralleta  of  larger  dreuinfeieoce,  hut. 


EXPLANATION    0 


rullsls  sta  «ina!ler.    In  other  wornB,  th^y  dimi 

the  URt  of  thfir  verliofti  Kciinn;  wnHequPntljlbere  b 

Ing  nff  from  the  lower  ourrem,  and  ■  juininn  ind  t  lurninfr  back 

current.    Thli  phanaioeiinn  ia  rtpreBenlPd  by  ilie  smiil 


pnjo 


>f  Coocer  and  Ca- 


method 
ual  lUj. 
Itolba 


Thii  dotted  or  shaded  periphery  it  Intended  to  rppreaan 
fttmoaphere  lu  pugEcAed  by  the  reading!  of  the  barometei 
of  defineallng  the  otmospnerc  l»  resorted  to  in  order  to 

tribntlDD  of  £flatinDiphere,  psrtieularl;  DR  the  paluraidc  I 

piling  up  over  the  culm  belle,   uid   the   il^pnaiiDn— barometrical — over 
equBtdriu  eslni<(uid  etnud  tiog. 

The  cn^rdling  teas  of  Ihe  eilrvtropical  south  euggot  at  unee  the  eeuse  uf 
lliit  Inoqueliijr  ia  the  arraiigemeDl  over  ihem  of  the  eiry  covering  of  our  pionM. 
Eiceiiting  a  amall  pardan  of  South  America,  the  belt  between  the  pinilleia  of 
4(l>  and  6&°  or  70°  aoath  dib)'  be  considered  to  cunaiit  entirety  nf  aea.  This 
ImmonM  area  of  water  lurfnce  keepa  the  almoaphore  eontiniuill)'  saturated  with 
vapour.  Ilie  apeelBo  gravity  of  oonusoa  atiDOiphcrlo  air  being  taken  a>  unttj, 
■hat  of  aqueoua  vapour  i>  about  O.B ;  coniequenily  Ibo  ftmoaphere  la  eipelleo 
ihencB  by  the  »r«iw,  "'--■--  --■  -  --  --■     -«--   ■■ 


lighli 


',  if,  for  Ihe  eake  of  explnualion.  ire  may  an  call  Uie  vaponi 
t  riling  up  from  Ihii  InimeuBB  boiler.  Tbla  vapour  diaplaee 
f  air,  ocenpie^  Us  place,  and,  being  one  (bird  lighter,  aUi 


barometric  e 
ia  set  free  lu  Ihe  proo 


Moreover,  being  lighler, 


II  farther  lo  leesen  the  baronielrio 
i  cipanJe  the  upper  air,  caoiing  It 

the  upper  current  of  iheae  region*. 

Thui.  Ibough  the  tnrometer  itandt  lo  low  as  Co  show  (hat  there  It  len 
Mnoaphere  O'er  high  aoulhem  laiitudea  than  Cliere  ii  in  correipoading  laUtudM 
ikortb.  yet,  if  it  were  vlilble  and  we  could  see  It,  we  thimld  dlicaver,  oiring  ttt 
the  efleet  of  thia  vapour  and  Ihe  liheratiDD  of  Ita  Utent  heat,  and  Ihe  reaultlac 
intumeKcnee  of  the  lighter  air  over  ihe  aiulral  regioni,  the  aoluai  height  of  thu 
invliible  covering  lo  be  higher  there  than  it  i>  in  the  boreal  ri^laiu. 

Talcing  Che  mean  height  of  (he  haromeur  for  ihe  northcni  hemiatihere  to  b« 
30  luchea,  and  Uking  Che  100,(100  barometric  ubiarvalloni  u»d  a*  data  for  thv 
onnatrnction  of  thia  diagram  to  be  eorrecC,  we  liave  facta  for  the  aaaortlon  that 
In  (be  autCral  regiont  the  quoncity  of  air  Ibat  Ihli  vnpnur  permanenCly  cxpeU 
Ihenoo  ia  from  one  Cwelftn  to  one  flftoenlh  of  the  whole  quantity  thai  belong*  ta 
eorreapondiiig  lacitudei  nurth— ■  aurioa*,moat  inlereitlng,  and  Huggcadve  phyaioal 


0  movenienis  of  tlia 


ititemcing. 

Plat*  V.  (^  Tsn  is  a  aeetion  Uken  from  one  of  the  manuacriut  charta  at  lh« 
OhMrvaiory.  It  llfuetratea  Ihe  method  ailopted  there  for  cu-iirU Inkling  liir  lb« 
Pilot  Charta  the  wlnJa  aa  reported  in  the  alwirnPi  logs.  For  ihis  pnrpoia  tiim 
oeean  la  divided  into  eonvenieul  eectiona,  uiually  five  degrees  of  latitude  by  flva 
degreet  of  lougilude.  Tbeae  parallelograme  arc  then  lubdivided  Into  a  (yiTeni  of 
engravod  aquarcs,  the  moniha  of  the  year  being  the  ordinate*,  and  tlie  pOinU  of 
Ihe  DOmiMB  being  iho  abiclaan.  Aa  iho  wind  ia  nportcd  by  a  veaael  tlial  pOMW 
Ihrongb  any  pnrCof  the  paialielugram.  so  ia  It  aiaumed  lo  have  been  at  that  tin* 
~"  ovnr  Lhe  panllelogram.    Fnim  aucli  inveadgationi  at  this  the  Pilot  CliartrM 


LATiTMUmmtcalh 


in  vTtiie  ahanntl  of  Iha  Gatf  Rlr«am  (Chap.  11.) 
'   "' tliiiniomatrieal  prafile  ■prt- 


,.,j,i. 


if  KirMin,  acMirding  ri>  abuninli' 


ml  StBtH  Com 


Tbff 


bj 


ilin^iun  wera  kindly  furnl'liol  ms  liy  thf  EopBrliitindnil  of  thftt  work. 
Tlii'y  nrff  from  B  paper  on  the  GuK  Stream,  wad  by  him  before  tho  Anipriean 
Aasnciiitiiiii  fur  the  AilvaucBmenl  of  SciBUEr,  at  Iti  meetlne  In  Wublnglon,  18&4. 
ImnginF  n  vrrael  In  sail  fmDi  Ifae  Capii*  uf  Virginia  ■(ruif^lil  out.  In  Ha,  eniMing 
iho  ijulr  Rimm  at  right  atiitla,  and  Mklng  the  (BBinntatnni  of  Its  w*i«rs  at  tha 
■urf«M  and  at  various  deptha.  Tho  diaRtam  ahow»  the  elcunlion  and  dcprewlon 
at  ihe  (henDDiiielur  aeivta  Tbit  seatian  u  llity  wcra  Boluallj'  obtervs'l  b^  inch  ■  ' 

The  black  lioca  r,  y.i,  in  Ihe  Calf  Btrean.ahnw  Hie  coarae  whlrJi  Uinae  thmdi 
.  show  (hi  oompulrd  drift  roDte  ihat 
d  r«lle  after  h«  lerrible  dftuter  In 


FiukTE  VII.  it  inlMMled  U 
ll  thawt  whirre  tho  nUdi  Ih 
blow  ovrt  Ilia  daaena  and 
BDioiinl  of  ptoclpltallnn  la  n 

>  muAee  wlnilf,  (bey  are  suppnged 


thow  how  the  wind 
ll,  in  ihe^iivTftl  ifi 


fif  almotpheriMl  plnmlailun, 

Alia  and  Alriua  (wlicrE  iJie  ■iinua] 

ippoaerl  tJ>  gf^t  their  TApoiira  rrnm;  where, 

-nndenae  purllont  of  it;  and  whitliir  (hey 


are  luppoacd  to  tniniport  the  isidue  thereof  thnnigb  the  upper  regloiu,  retaining 
U  ualil  llta;  again  baoome  iiu-raco  vimia. 


he  prerailin)!  direolion  of  (ho  wind  during  Ihe  year  Id  all 

oflho  ocean.    Italtothoira  the  principal  routva  aoroH  iheeeaa  to  varioiia 

Where  the  croai-lliiei  reproeDtiug  tha  yard*  are  oblique  to  the  keel  oF 

. jl,  the;  iiidicele  that  the  windi  are,  for  the  moat  part,  ahead;  wheu  |ier- 

iiliealBr  ur  eijiiare,  (hat  the  winds  are,  for  the  moal  ftit,  fair.    Tiie  tlearea  an 
near  Ihe  diagrmnii  representiag  Ihe  veaieli  ahow  the  BTeraKe  iDngth  of  (he 
puaage  in  daj«, 
•I'u i-"ite  Ihe  provalllBg  illrecUoo  of  Iho  wind  ;  Ihfj  are  suppoBei 


fly," 


representiag  Ihe  veaieli  ahow  (be  iisnge  iDngtii 

vailing  .llrecUoo  of  Ihe  wind  ;  Ihff  ai 
ll  going  aa  the  arrowa  point.    The  ha 
s  repreaent  moniiHin*  (|  631)),  and  the  atlpi'led  or  shaded 


hairftwlhennl 
belli  the  ealn 

In  Ihe  regioni  on  the  polar  side  of  theealina  ot  Caprieom  and"f  Caneer,  where 
the  arroHi  are  flying  holb  fmin  (lie  north-weit  and  Ihe  ■auth-wHl.  the  ideii 
laloniled  Id  b*  conveyed  la,  that  the  prevailng  direction  of  the  wind  la  hirtween 
'  ■        ■    '  ...  ...„  .u_.^  frequenoj  la  from  thcee  two 

uj  nuinuer  □■  Biiuva. 

feATB  IS-  !■  Intended  tu 

le  drift  of  th  

_,_..  ![»,  and  their  (hanneli  of  eirculelion  o»  ind  .    

ftatec  (f  742).     Farther  reaearchee  will  enable  u*  to  Improve  thia  chart.     Tha 
Bt  favoiicliR  plirea  of  teeorl  for  Ihe  wLale— rtsi<if  Iti  oold. 


r,  mure  pmparly,  * 


ban  X.  (p.  SOS)  repreaent*  the  eurvei  of  ipecISc  gravity  and 
'  the  uevBii,  ai  nbiervcil  by  CaDtain  John  I 
I  a  VDyage  from  Befarlng'a  Stnut  tui  Califc 

kl^ak  Iw  thsKMelvea.     Th^i 


— -ipernture  of 
Uo(<gen  in  the 
' — '    and  Cape 


<ak  ^m  tbiinitelvea.  Thtj  are  orognphlc  for  Ihe  !!oi 
.:  .iiii:|  Ii't..|y  the  preient  aiale  of  ouc  knowledge  w 
-i.i"9  in  the  bed  of  that  Be«  aa  dorlv^  fri 
f  Ameiiean  and  English  navies  frnn  i 
iin'i  souiidingi  In  Ihe  Bay  of  Uiieay,  18! 
1  of  ilie  Allanlie,  and  ahowing  the  eonira 
'D  from  Miiieo  Bvmta  Yucatan.  CKiha,  t 
ic  coast  of  .^biCB,  marked  A  on  I'lale  X 


XX  IZPLANATIOK  OF  THB  PLATES. 

Plate  XIII. — The  data  for  this  Plate  are  fumiBhed  by  Maury's  Storm  and 
Bain  Charts,  including  observations  for  107,277  days  in  the  North  Atlantic,  an<l 
158,025  in  the  ^uth;  collated  by  Lieutenant  J.  J.  Guthrie,  at  the  WashiDgton 
Observatory,  in  1855. 

The  heavy  vertical  lines,  5°,  10°,  15°,  etc.,  represent  parallels  of  latitude;  the 
other  vertical  lines,  months ;  and  the  horizontal  lines,  per  cents.,  or  the  number 
of  days  in  a  hundred. 

The  continuous  curve  line  stands  for  phenomena  in  the  North,  and  the  broken 
curve  line  for  phenomena  in  the  South  Atlantic.  Thus  the  Gales'  Curve  shows 
that  in  every  hundred  days,  and  on  the  average,  in  the  month  of  January  ot' 
different  years,  there  have  been  observed,  in  the  northern  hemisphere,  36  gales 
(36  per  cent.)  between  the  parallels  of  50°  and  55° ;  whereas  during  the  same 
time  and  between  the  same  parallels  in  the  southern  hemisphere,  only  10  gales  on 
the  average  (10  per  cent)  have  been  reported. 

The  fact  is  here  developed  that  the  atmosphere  is  in  a  more  unstable  condi- 
tion in  the  North  than  in  the  South  Atlantic ;  that  we  have  more  calms,  more 
rains,  more  fogs,  more  gales,  and  more  thunder  in  the  northern  than  in  the 
southern  hemisphere,  particularly  between  the  equator  and  the  55th  paralleL 
Beyond  that,  the  influence  of  Cape  Horn  becomes  manifest. 

Plate  XIY.  (§  839)  shows  the  limits  of  the  unexplored  area  about  the  south 
pole. 

Plate  XV.  shows  by  curves  the  prevalence  of  winds  with  northing  as  compared 
with  winds  with  aouthinff  in  them  in  each  of  the  two  hemispheres,  north  and 
south. 

Plate  XYL  shows  the  Barometric  Curve  projected  according  to  actual  obser- 
vations at  sea,  from  the  parallel  of  78°  north  to  the  parallel  of  56°  south,  and 
carried  thence  to  the  poles,  by  coi^eotiire  and  in  conformity  with  indications. 


lYSICAL  GEOGRAPHY  OF  THE  SEA, 

AND  ITS  METEOROLOGT. 


CHAPTER  L 

1-68, — THE  SEA   AND  THE  ATMOSPHERE. 

;  The  too  oeeani  o/air  and  water. — Oar  planet  ie  mveBted  with 
0  ^reat  oceans;  one  visible,  the  otlier  invisible;  one  itt  uodoi'- 
foot,  tlie  other  overhead ;  one  entirely  envelops  it,  the  other 
covers  about  two-tbirds  of  its  surface.  All  the  water  of  the  one 
weiglia  about  400  times  as  mll<^h  as  all  the  air  of  the  other. 

2.  Thar  meettitg. — It  Is  at  the  bottom  of  thid  lighter  ocedli 
where  the  forces  which  we  are  about  to  study  are  brought  into 
play.  Tbia  place  of  meeting  is  the  battle-field  of  nature,  the 
dwelling-place  of  man ;  it  is  the  scene  of  the  greatest  conflicil« 
whidi  he  ib  permitted  to  witness,  for  here  rage  in  their  ntjnost 
fury  tbe  powers  of  sea,  earlh,  aiid  air :  thorefure,  in  treating  of 
the  lliyHieal  Geography  of  the  sea.  we  must  neoessitrily  lefur 
U>  the  phonoiuena  which  are  dispUyed  at  the  meeting  of  tfaeee 
two  oceans.  Let  na,  Hereford,  before  entering  either  of  these 
fields  for  study,  proceed  fir«t  to  oonsider  each  uue  in  some  of  its 
most  striking  cbaracterifitics.  They  are  both  in  a  BtAle  of  what 
is  called  unstable  equilibrium ;  heuce  the  cnrTeiita  uf  one  and 
tbe  wiudH  of  the  other. 

3.  Their  dfjilh.—Ah  to  their  depth,  we  know  Tery  little  more  of 
thu  one  than  of  tbe  other ;  but  the  conjecture  that  the  average 
depth  of  the  xea  does  not  much  exceed  four  miles  is  probably  as 
near  tbe  truth  as  is  the  commonly  received  opinion  that  the  height 

^^^t^  atmiKiphero  does  not  exceed  fifty  miles.     If  tbe  air  were. 


TirE    SEA,    AKD    ITB    UEI'RDUOLOOI 

like  water,  non-elaatic,  and  not  more  compressible  tJmn  ttii«  b 
elastic  fluid,  we  could  sound  out  the  atmoepherioa]  ocean  wit^ 
the  barometer,  and  gauge  it  by  its  pressure.  The  moan  height 
of  the  barometer  at  the  level  of  the  sea  in  the  torrid  and 
temperate  Eones,  is  about  30  inuhea.  Now,  it  has  been  aeoer- 
taincd  that,  if  we  place  a  barometer  87  feet  above  the  level  al 
the  sea,  its  average  height  will  be  redi:ced  from  30.00  in.  to 
20.90  in, :  that  ia,  it  will  be  dimintBhed  one-tenth  of  an  inch,  or 
the  three  hundredth  part  of  the  whole  ;  oonsequontly,  by  goin([ 
up  300  X  87  (  =  2(.;,I00)  fuel,  the  barometer,  were  the  air  non- 
elastic,  would  stand  at  0,  It  would  then  be  at  the  top  of  the 
atmosphere.  The  height  of  2G,100  feet  is  just  five  miles  laoking 
300  feet. 

4.  Weight  of  the  atmotphere.—But  the  air  is  elastic,  and  very 
unlike  water.  That  al,  the  bottom  is  pressed  down  by  ihe  snpei^ 
incumbent  air  with  the  force  of  about  16  pounds  to  the  square 
inch,  while  that  at  the  top  ia  inconceivably  light.  If,  for  the 
sake  of  orplanation,  wo  imagine  the  lightest  down,  in  layers  of 
equal  weight  and  ten  feet  thick,  to  be  corded  into  a  pit  seTCtal 
miles  deep,  wo  can  readily  perceive  how  that  the  bottom  layer. 
though  it  might  have  been  ten  feet  thick  when  it  first  fell,  yet 
with  ibo  weight  of  the  accumulated  and  superincumbont  maas,  it 
might  now,  the  pit  being  full,  be  compressed  into  a  layer  of  only 
a'  few  incbea  in  thickness,  while  tlie  l^p  layer  of  all,  being 
uncompressed,  would  be  exceedingly  light,  and  still  ten  feet 
thick :  no  that  a  person  ascending  from  the  bottom  of  the  pit 
would  find  the  layers  of  equal  weight  thicker  and  thicker  until 
he  reached  the  top.  So  it  is  with  the  burumoter  and  the  atmo- 
ephere  :  wlien  it  is  carried  up  in  the  air  through  several  strata 
of  87  feet,  the  observer  does  not  find  tliat  it  falls  a  tenth  of  an 
inch  for  every  sucoessivo  87  feet  upwai-d  through  which  he  may 
carry  It.  To  got  it  to  Ml  a  tenth  of  an  inch,  ho  most  carry  it 
higher  and  higher  for  every  succoisivo  layer. 

i.  Three-foartht  hftme  ihe  mountain  leps.  —  More  than  threft- 
fourths  of  the  entire  atmosphere  is  below  the  level  of  the  highest 
mountains;  the  other  fourth  is  rarefied  and  expanded  in 
conaoquencQ  of  the  diminished  pressure,  until  the  height  of  many 
miles  be  attained.  From  the  reflection  of  the  sun's  rays  after  he 
has  sat.  or  before  he  rises  above  the  horizon,  it  is  calculated  that 
this  upper  fourth  part  must  extend  at  least  forty  or  forty-five 
uiiloH  higher. 


THB  SBA  Aim  TEB  ATMOBPBEBB. 

6.  lU  heighl.—At  the  heiglit  of  '2G,000  miles  from  the  earth, 
ccntriftigiil  force  would  counteract  gravity  ;  coneeqiieiitly,  all 

iderable  matter  thttt  the  carlh  farriue  with  it  in  its  diurnal 
■olntion  muBt  be  within  that  distance,  and  consequeully  the 
Di^here  cannot  extend  heyond  that.  This  limit,  however, 
been  greatly  reduced,  for  Sir  John  Herachel  has  shown,  by 
rxin  observations.*  that  at  the  height  of  80  or  90  miles  there 
vacnum  fiir  more  complete  than  any  which  we  can  prodnce 
1^  any  air-pump.  In  1T83  a  lar^e  meteor,  computed  to  be  half 
a  mile  in  diameter  and  Gfty  miles  from  the  earth,  was  heard  to 
explode.  As  sound  cannot  trax'ol  throi^;h  vacuum,  it  was 
inferred  that  the  explosion  took  place  wiihin  the  limits  of  the 
atmosphere.  Herschel  concludes  that  the  aerial  ocean  is  at 
least  50  miles  deep. 

7,  Data  conjectural. — ^The  data  finm  which  we  dednoe  otir 
estimate,  both  as  to  the  mean  height  of  the  atmosphere  and 
average  depth  of  the  ocenn,  are,  to  some  estcnt,  conjectural ; 
consequently,  the  estimntes  themsclreB  must  be  regordod  as 
^proximations,   but    suiliciently  close,   nevertheless,    for    the 

mt  purposes  of  this  work. 

'8.  Afuilyniii  of  air. — Chemists  who  have  nmde  the  anftl3^8,  tell 

ithxtiOtitof  lOOjiarta  of  atmospheric  air,  99,5  consist  of  oxygen 

nitrogen,  mixed  in  the  proportion  of  21  of  oxygen  to  79  of 

nitrogen  by  volume,  and  uf  2J  to  77  by  weight.     The  remaining 

half  o/ a  part  consists  of  .05  of  carbonlo  acid  and  .45  of  aqueous 

▼apour. 

9.  Jn/onaation  retpecUug  the  depth  of  the  ocean. — The  average 
depth  of  ihe  oce«n  has  been  variously  computed  by  astroncrmera, 
from  such  iirgumonts  as  the  science  affords,  to  be  from  26  to  11 
About  ten  years  ago  I  was  permitted  to  organize  and  set 
foot  in  the  American  navy  a  plan  for  "sounding  out"  the 
in  witli  the  plummet.^  Other  navies,  espociJilly  the  English, 
■e  done  not  a  little  in  furtherance  of  tliat  object.  Suffice  it  to 
that,  within  this  brief  period,  tliough  the  undertaking  has 
Tbate  of  Hr.  Weleh,  in  Ms  aacent  from  Kew. 
And  be  Uflirthtr  tnaeled,  Tliat  tbe  Socretatx  oF  tbe  N*r<I  lie  iltrHi«d  tn 
thnie  Builabls  Teaads  of  Ilia  nav;  in  tcatiog  now  taniet  uaA  pcrfoctiii^ 
■ItsKiTerira  nukdebj'  Ueat.  Hanr;  in  thccnnne  of  bit  investignliona  of  tliL- 
anj  CtUTents  nf  tbo  ocean  ;  uiil  to  cause  Ibe  veautUn  tif  the  Darj  to  co- 
o  in  ptocutmg  mulcriati  (or  sach  mvertigiitioTis,  in  an  fur  as  tai'l  fl>-opem- 
mBj  Tint  be  incompntibla  with  the  public  lntere«ti."~Ffoin  Haral  Jly 
Bm,  approvai  Murch  3. 1819. 
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all  preTious  time. 

10.  Il»pr(Aable  depth. — The  syrtem  of  deep-sea  fioundiugs  thus 
inaugurated  does  not  thus  fat  authorize  lie  ouncluKJon  that  the 
avei'oge  depth  of  ocean  water  is  more  than  ihree  or  four  milea 
(S  3),  nor  have  any  rcliahlo  BoundiugB  yet  beea  made  in  water 
over  five  miles  deep. 

11.  Bdation  bcticecn  iU  depth  and  the  teavBK  nf  Ihc  tea, — In  veiy 
shallow  ]>ools,  where  the  wat«r  is  not  more  than  a  f<>w  incbefl 
deep,  the  tipples  or  waves,  as  all  of  ne,  when  children,  have 
ulwierved,  are  small  \  their  motion,  also,  is  bIow.  But  when  the 
water  ia  deep,  tho  waves  are  Urger  and  more  mpid  in  their 
progress,  thua  indicating  the  osistenoe  of  a  uumeriml  relation 
between  their  breudth,  height,  and  velocity,  and  the  d(<pth  of  the 
water.  It  may  be  inferred,  therefore,  that  if  we  knew  ihe  sise 
and  velocity  of  certain  waves,  we  could  compute  the  depth  of  the 
ucoan. 

12.  Alry'»  iravetablct. — Such  a  compulation  has  been  made,  and 
we  have  the  authority  of  Mr.  Airy,*  tho  Astronomer  Royal,  thet 
waves  of  given  breadths  will  travel  in  water  of  certain  depths 
with  the  velocities  as  per  table  ; 
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T,i.  The  earlhquaic  of  Sinioda. — Accident  has  afforded  us  an 
opportunity  of  giving  u  quati  practical  application  to  Mr.  Ally's 
(bnnuUe.     On  llie  2ard  of  December,  1854,  at  Sl.4.i  a.m.,|  the 

'      •  Enojdop.  Meljopol. 

t  tiotat  uf  n  BtiauiQ  Officer,  p.  97.  No.  2  (Feb.  1856).  vol  nv.,  Nantiml 
Jfatfarnwi  ImuIoo. 


U  ABD  THS  ATMOSPHXHI. 

^t  ehocke  of  an  earthquake  were  fult  on  board  the  Snssian 
"  Diana,"  as  she  lay  at.  anchor  in  the  harbour  of  Simoda. 
not  fnr  from  Jeddo,  in  Japitii.  In  fifteen  minntM  afterwards 
(10  o'olock),  a  lui^  wave  was  observed  rolling  into  the  harbour, 
aud  the  water  ou  the  beach  to  be  rapidly  rising.  The  town,  as 
86eu  from  the  frigate,  appeared  to  bo  sinking.  This  wave  v/na 
followed  by  another,  and  when  the  two  receded — which  waa  at 
lOh.  15ra. — there  waa  not  a  honee,  save  an  unfinished  temple. 
lefl  standing  in  the  village.  These  waves  oonlinued  to  come  and 
go  until  2.30  P.M.,  during  which  time  the  frigate  was  thrown  on 
her  beam  ends  five  times.  A  piece  of  her  keel  81  feet  long  was 
torn  ofl',  holes  were  knocked  in  her  by  Btriking  on  the  bottom, 
and  fihe  wus  reduced  to  a  wreck.  In  the  course  of  five  ntinntea 
the  WQter  in  the  harbour  fell,  it  is  said,  from  23  to  3  feet,  and  the 
anchors  of  the  ahip  were  laid  bare,  lliere  waa  a  great  loss  of 
life ;  many  houses  were  washed  into  the  sea,  and  many  junks 
carrii.'d  up — one  two  miles  inland — and  dashed  to  pieces  on  the 
shore.  The  day  was  beautifully  fine,  and  no  warning  was  given 
of  the  approaching  convulsion ;  the  barometer  standing  at 
29.87  in.,  thermometer  58°;  the  sea  perfectly  smooth  when  its 
surface  waa  broken  by  the  first  wave.  It  was  calm  in  the 
moniiug,  and  the  wind  continued  light  all  day. 
■  14.  Thif  propagalion  ofu>avet  6y  ti. — In  a  few  hours  afterwards. 
jf  Ban  tVancisco  and  San  Diego,  the  tide-ganges  showed  that 
rer&l  well-marked  and  estroordinary  waves  had  arrived  off  the 
it  of  California.*  The  origin  of  tliese  waves,  and  thuse  which 
■troyed  the  town  of  Simoda,  in  Japan,  and  wrecked  the 
a,"  was  doubtless  the  some.  But  where  was  their  birth- 
Supposing  it  to  be  near  the  coasts  of  Japan,  we  m^y, 
with  the  tide-gauge  obsen'ntiona  in  California  and  Mr.  Airys 
formnliG,  calculate  the  average  depth  of  the  sea  along  the  path 
of  the  wjivo  from  Simoda  both  to  San  Francisco  and  San  Dirgo. 
,  Their  breadth  and  reloeilg. — Supposing  the  waves  to  have 
1  up  their  line  of  march  from  some  point  along  the  coast  of 
»D,  the  San  Francisco  wave,  having  a  breiiUth  of  25*1  miles, 
i  a  velocit)'  of  438  miles  an  hour ;  while  the  broadth  of  the 
~"  _  B  was  231  miles,  and  its  rat«  of  travel  427  mileji 

B  hour. 

1 16,  Average  depth  of  the  North  fneil^c— Admitting  these  pre- 
— which  we  partly  assumed— to  lie  correct,  then,  according 
■  Ex.  Dqo.  Ko.  22,  SuiUilR.  Ltt  «i-m.  34l]l  Omgrt-AS,  p.  342. 
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to  Airy's  funnulte.  the  averse  deiiUi  of  the  North  Pacific;  belwoeg 
Japan  and  California  is,  by  the  path  of  the  San  FnaiciBco  wave, 
2Ua  fathoBiB,  by  the  Ban  Diego,  2034  (say  2J  milcB). 

17.  Specific  fpavily  o/ ttw-icoter.— At  the  temperaiure  of  60-"'. 
the  specific  gravity  of  aven^  eea-water  is  1.0372,*  and  the 
weight  of  a  oubic  foot  ie  64.003  lbs. 

18.  Of  air. — With  the  barometer  at  30  in.  and  the  thermometalt 
at  32'',  the  weight  of  a  oubic  foot  of  dry  atmospberio  air  is  l.yj 
oz.,  and  ila  specific  gravity  ,00129.     Such  is  the  different 
weight  between  the  two  elements,  the  phenomena  of  whiob  g 
the  physical  geography  of  the  sea  its  charms. 

19.  Vne^val  dUiribtiittm  of  light,  land,  and  air. — There  is  i 
noTllieru  hemisphere  more  land,  loes  sea,  more  frofih  water,  n 
atmofiphenc  air,  and  a  longer  annual  duration  of  sunlight.  1^ 
there  is  in  the  southern.  And  tbough  tlie  two  hemispfal 
receive  annually  tho  some  amount  of  heat  directly  from  the  ■ 
yet  the  northern,  without  growing  cooler,  dispenses  the  gra 
quantity  by  radiation. 

20.  3^  «in  longer  in  northern  declination. — In  his  annuaJ  ro« 
tho  eun  tarries  a  week  (Tf  days)  longer  on  the  north  iluui.|| 
does  on  the  south  sido  of  the  equator,  and  consequently  i 
antarctic  night  and  its  winter  are  longer  than  the  polar  wu 
and  night  of  the  arclio  regions.     The  southern  hemisphere  is  i 
also  to  be  cooler,  hut  this  is  true  only  as  to  ita  torrid  ■ 
temperate  zones.     In  the  summer  of  the  southern  hemisphere  q 
sun  is  in  perigee,  and  during  the  course  of  a  diurnal  revolntij 
there  the  southern  half  of  our  planet  receives  more  heat  than  ti 
northern  half  during  the  same   period  of  our  ernn. 
diflerence,  however.  Sir  John  Uerschel  rightfully  maintaiii 
compensated  by  the  longer  diuation  of  the  northern  sumi 
Therefore,  admitting  the  total  quantity  of  heat  annually  3 
pressed  upon  the  earth  by  the  sun  to  be  equally  divided  betwi 
the  two  hemispheres,  it  does  not  follow  that  their  tetnpentt 
should  bo  the  same,  for  their  powers  of  radiation  may  be  f 
different.   The  northern  hemisphere  having  most  land,  radiatd 
the  more  freely — the  land  and  sea  breeaes  tell  us  that  the  land 
dispenses  heat  more  freely  than  the  sea  by  radiation — but  the 
northern  hemisphere  is  prevented  in  two  ways  from  growing 
cooler  than  the  southern: — 1.  by  the  transfer  of  heat  in  the 

'  Hatuy's  Sailing  DireotioD^  vol.  L     Sir  JoUd  Uemchel  quotes  it  at  1JI270 
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funu  with  tlie  \a\Mun  fiom  tlie 
Ter  of  lieat  iu  tJio  i^eiiiiiblo  fonn,  by  currenbi  bdcIi  us  the 
Gulf  Strotim,  el  tU.,  from  one  climate  to  another  in  our  liemi' 
Kpbore.  Henoe  we  infer  that  the  uouthem  hemisphere  la  in 
certain  sones  cooler  than  tlio  northtin),  not  by  reaeon  of  its  abort 
tnimmur  or  loog  winter,  but  It  is  the  cooler  chiefly  on  aooonnt  of 
the  lutent  heat  which  is  brought  thence  by  vapour,  and  net  l'rc;o 
Imre  by  couileiiaation. 

21.  England  about  the  poie  of  hemttphere  with  mott  land, — Within 
the  torrid  zone  the  land  is  nearly  oiinaliy  divided  north  and 
south  of  tho  equator,  the  proportion  being  aa  5  to  4.  In  the 
temperate  zones,  however,  the  north  with  its  land  is  thirteen 
times  in  exueas  of  the  aoutli.  Indeed,  snoh  is  the  inequality 
in  the  distribution  of  land  over  the  sur&cc  of  the  globe  that  the 
world  miiy  be  divided  into  hemispheres  consisting,  the  one  with 
almost  all  the  land  in  it,  escept  Australia  and  a  slip  of  America 
lying  south  of  a  line  drawn  from  the  desert  of  Atacoma  to 
Umgnay;  England  is  the  centre  of  this,  the  dry  hemisphere. 
The  olhor,  or  aqueous  hemisphere,  contftina  all  the  great  waters 
tpt  the  Atlantic  Ocean  ;  Now  Zealand  is  the  nearest  land 
centre. 

of  inequalilg  in  dittribiUion  of  land  and  uatcr. — This 
|ual  distribution  of  land,  light,  air,  and  wat«T  is  wiggestive. 
To  it  we  owe,  in  a  meosiu-e,  the  dill'cront  clinyte^  <>f  the  earth. 
Were  it  diflerent,  they  would  be  dill'erent  also  ;  were  it  not  for 
the  winds,  the  vapours  that  rise  from  the  sea  would  from  the 
cloudN  be  returned  in  showers  bock  to  the  places  in  the  sea 
whunco  they  came  ;  on  an  earth  where  no  winds  blow  we  should 
have  neither  green  pastures,  still  waters,  nor  running  brooks 
to  beautify  the  landscape.  Were  there  no  currenta  in  the  sea, 
nor  vertical  movements  in  the  air,  the  seasons  might  change, 
hut  climates  would  be  a  simple  affair,  depending  solely  on  the 
dacUnation  of  the  sun  in  the  sky. 

Qfumliti/  offrcA  vialcr  in  Amerifan  lake*. — Abont  two-thirds 

the  fresh  water  on  the  surface  of  the  earth  is  contained 

great  Anienoon  lakes ;    and   though   tliore    be   in   the 

impured  with  the  southern  liomiKphorc,  so  much 

Mia  aurtice  to  yield  vaponr,  bo  much  more  land  to  BwuUow 

lin,  and  so  muny  more  plants  to  drink  it  in,  yet  the  fresh- 

r  courses  are  far  more  numerous  and  copious  on  the  north 

they  01*0  on  the  south  side  of  the  equator. 
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24.  Southern  seat  the  hotler,  and  narthern  JtiniU  the  n>n(/mMr.-J 
These  facts  have  suggested  iho  compurisnti  iii  which  thu  eoiitlierD 
hemisphere  has  been  likened  to  the  boiler  and  the  northern  to 
the  condenfier  of  the  ateain-ongine.  This  vast  ainoniit  uf  steam 
or  vapour  lising  op  in  tlie  extra-tropical  regions  of  the  south, 
expels  the  air  thence,  causing  the  barometer  to  shoi^  a  much  less 
weight  of  atmnsphere  on  llie  polar  side  of  40°  S.,  tlian  we  find  in 
corresponding  latitudes  north. 

25.  OjSieeis  of  the  almo»phere. — The  offioes  of  the  atmosphere  ore 
many,  marvellous,  aud  various.  Though  many  of  them  are  past 
finding  out,  yet,  beautiful  to  contemplate,  they  atfoi-d  moat 
instmotivQ  and  profitable  themes  for  meditation. 

26.  Dr.  Built. — \Shen  this  system  of  losearch  touching  the 
physics  of  the  sea  first  begati — when  friends  were  timid  and  oo- 
labourers  few,  the  csccllent  Dr.  Buist  stood  up  as  its  friend  and 
champinn  in  India :  and  by  the  services  he  thus  rendered,  en- 
titled himself  to  the  gratitude  of  all  who,  with  me,  take  delight 
in  the  results  whioh  have  been  obtained.  The  field  which  it 
was  proposed  to  occupy — the  firstlings  of  which  were  guthored  in 
tiiia  little  book — was  described  by  him  in  glowing  terms,  and 
with  that  enthnsiaam  which  never  fails  to  inspire  aeul.  They  are 
apropos,  and  it  is  a  pleasure  to  repeat  the  substance  of  thorn. 

27.  The  eea  aad  the  tttnioephere  contragled. — "  ITie  weight  of  the 
atmosphere  is  equal  to  that  of  a  solid  globe  of  lead  sixty  miles  in 
diameter.  Ita  principal  elemente  are  oxygen  and  nitrogen  gases, 
with  a  vast  quantity  of  water  suspended  in  them  in  the  shape  of 
vnpoitr,  and  commingled  with  these  a  quantity  of  carbon  in  the 
shape  of  fixed  air,  equal  to  restore  from  its  mass  many  fold, 
the  conl  that  now  exists  iu  the  world.  In  common  with  all  enb- 
stancea,  the  ocean  and.  the  air  are  increased  in  bulk,  and,  con- 
sequently, diminished  in  weight,  by  heat;  like  all  fluids,  thej 
are  mobile,  tending  to  extend  themselves  equally  in  all  directioos, 
itnd  to  fill  up  depressions  ivherever  vacant  space  will  admit  them ; 
hence  in  these  respeole  the  resemblance  betwixt  their  movements. 
Water  is  not  compressible  or  elastic,  and  it  may  be  solidified  into 
ioe,  or  vapoiizod  into  steam ;  the  air  is  elastic ;  it  may  be  con- 
densed to  any  extent  by  pressure,  or  expanded  to  an  indefinite 
degree  of  teuuily  by  preseuie  being  removed  from  it ;  it  is  not 
liable  to  nndei^o  any  change  in  its  constitution  beyond  these,  by 
•ay  of  the  ordinary  influences  by  which  it  is  affected. 

28.  J^fiuenee  of  the  «un. — "  lliesa  faotA  are  few  and  b 


^ 
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^^Bougli ;  let,  us  see  what  reaults  arise  from  tliem  :  As  tlie  constant 
^^Bpoeuro  of  the  equatorial  rogioiiB  of  liie  eArtti  lo  Ihe  riiii  must 
necessarily  Uiere  engender  u  vast  ameutit  of  lieat,  and  us  his 
absence  frt>m  the  polar  regitms  must  in  like  manner  promote  an 
inQuite  accumulation  of  colj,  to  fit  tlie  entire  earth  iur  a  ha- 
bitation U)  Bimilar  I'aces  of  beingH,  a  constant  interchange  and 
commuuiuu  betwixt  the  heat  of  the  one.  aud  the  oold  of  the  other, 
must  be  carried  on.  The  ease  and  simplioity  with  -which  this  is 
effected  Murpaaa  nil  description.  The  air,  heated  near  the  equator 
by  the  overpowering  influences  of  the  sun,  is  expanded  and 
lightened  ;  it  ascends  into  upper  space,  leaving  a  partial  vaouum 
at  the  surface  to  be  supplied  from  the  I'egions  adjoining.  Two 
currents  from  the  poles  toward  the  equator  are  thus  established 
at  the  snifaco,  while  the  sublimated  air,  diSusing  itself  by  iie 
mobility,  flt.ws  in  the  npper  regions  of  space  fnim  the  equator 
toward  the  }ioles.  Two  vast  whirlpools  are  tbita  established, 
constantly  carrying  awny  tbe  heat  from  the  torrid  toward  the  icy 
regions,  and,  there  becoming  cold  by  contact  with  the  ice,  thoy 
OUiy  back  their  gelid  freight  to  refresh  the  torrid  zone. 
t  29.  0/diumal  rolalion.^"  Did  the  earth,  hs  waa  long  believed, 
'  Hid  still  while  the  mm  circled  around  it,  we  ehould  have  had 
itly  from  north  aud  soutli  two  seta  of  meridional  currents 
wing  at  the  surface  of  the  earth  towaid  tbe  equator ;  in  the 
per  regions  we  should  have  had  them  flowing  back  again  lo 
t  place  whence  they  came.  On  the  other  hanil,  were  the  heat- 
g  and  cooling  influences  just  referred  to  to  ceaao,  and  the  eatth 
to  fail  in  impressing  its  own  motion  on  the  atmosphere,  wo  ehonld 
have  a  furious  hurricane  rushing  round  tho  glolie  at  the  rate 
of  1000  uiileis  an  hour — tomadoea  of  ten  times  the  speed  of  the 
xl  violout  now  known  to  us,  sweeping  everything  before  them. 
k  ooiubinaliun  of  the  two  influences,  modified  by  the  Iriotion 
ptbe  earth,  which  tends  to  draw  the  air  after  it,  gives  ns  the 
ide-winds,  wliieh,  at  the  epeed  of  from  ten  to  twenty  miles  an 

eweep  round   the    equatorial   region  of  the    globe  ( 
singly. 

•80.  CarrintU. — "Impressed  with  the  motion  of  the  air,  constantly 
Mptng  its  surface  in  oue  direction,  and  obeying  the  same  laws 
tinotion,  the  great  eea  i(«elf  would  be  excited  into  currents 
nilar  to  those  of  the  air.  were  it  nut  walled  iu  by  continents 
I  subjected  to  other  control.  Ah  it  is,  there  are  constant 
OurrenU  flowing  from  the  torrid  toward  the  frigid  zone  to  supply 
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the  vast  amoim(  of  vapour  there  drained  off,  wliitu  other  whiti! 
pools  and  currents,  such  as  the  giguntio  Gulf  Sbeam,  come 
to  perform  iheir  part  in  the  aame  Btupcntloiis  dnutia.  The  waters 
of  this  vast  ocean  rivor  arc,  to  the  north  of  the  tropic,  greatly 
warmer  than  those  aronnd ;  tlie  climate  of  every  oouutry  il 
approaches  is  improvud  by  it,  and  the  Laplander  U  enabled  by 
iu  means  to  live  and  enltivate  UIb  barley  in  a  Latitude  wluch, 
everywhere  else  throughout  the  world,  is  condemned  to  per- 
petual sleiility.  There  are  utlier  laws  which  the  great  sea 
obeys  which  poonliarly  adapt  it  an  tho  vehicle  of  isttrcbattge 
of  heat  and  cold  betwixt  those  regions  where  ailhef  csistu  in 
excess. 

31,  Ic^)9rg». — "  In  obedience  to  these  laws  water  warmer  tiaa 
ioe  attacks  the  basis  and  saps  the  foundations  of  the  Icebergs — 
themselves  gigantic  glaciers,  whi^h  have  fallen  from  llie  iaouii< 
tains  into  the  sea,  or  which  have  grown  to  their  present  tdse 
in  the  shelter  of  bays  and  estuaries,  and  by  aocumuUtions  irom 
above.  Once  forced  from  their  anchorage,  the  first  stuiTn  lliat 
arises  drifU  them  to  sea,  where  the  beautiful  law  which  renders 
ioe  lighter  than  the  waiTnest  water,  enables  it  to  float,  and  drifts 
southward  a  vast  magazine  of  cold  to  cool  the  tepid  water  which 
boare  it  along — the  evaporation  at  the  ecjuator  causing  a  deficit, 
the  melting  and  accumulation  of  the  ice  in  llio  frigid  zone  giving 
rise  to  an  excess  of  accumulation,  which  tends,  along  wilb  tho 
action  of  the  air  and  other  causes,  to  inatitnto  and  uiuinlaiQ  tJu 
transporting  current.  These  stupendous  masses,  which  have  been 
Been  at  sea  in  the  form  of  chureb  spires,  and  gotbio  towers,  and 
uUDarets,  rising  to  the  height  of  from  300  to  600  feet,  and  ex- 
tending over  an  area  of  not  less  than  six  square  miles,  the  niaases 
above  water  being  only  one-lentli  of  the  whole,  are  often  to  ba 
f  jund  witbin  the  tropica. 

32,  JtfiwMtain  rangea. — "But  these,  though  among  the  most 
regular  and  magnificent,  are  but  a  small  number  of  the  coq- 
trivances  by  which  the  vast  and  beneficent  ends  of  nature  are 
brought  about.  Ascent  from  the  Kurface  of  th^  earth  pi'odnoes 
the  same  change,  iu  point  of  climate,  as  an  approuch  to  the  pules ; 
even  under  the  torrid  eone  mountains  reach  the  line  of  perpetual 
oongelation  at  nearly  a  third  loss  altitude  than  the  extreme 
elevation  which  they  sometimes  attain.  At  the  poles  snow  is 
perpetual  on  tho  ground,  and  at  the  difiereut  intervening  lati- 
tudee  reaches  some  intermediate  point  of  oongeledoB  beiwistflai^a 


II 

1 2O,0O0  feot.  In  America,  from  tic  line  south  to  the  tropien, 
a  there  is  now  every  reason  to  believe,  in  Africa  within 
Similar  latitudes,  vast  ridges  of  mounlains.  uovered  with  par- 
petiiol  snow,  mn  northwnrd  and  southward  in  the  line  of  the 
meri'lisn  right  across  the  path  of  the  trade-winds.  A  similar 
ridge,  though  of  lei^a  magnificent  dimensionE,  travoi'ses  the 
jieninsnta  of  Hindoostan,  increasing  in  altitude  as  it  appi'oaohes 
the  line,  attaining  an  clevatiou  of  B500  feet  at  Sodabetta,  and 
about  6000  in  Ceylon.  The  Alps  in  Europe,  and  the  gigantic 
chain  of  the  HimalayaH  in  Asia,  both  far  south  in  the  temperate 
zone,  stretch  from  east  to  west,  and  intercept  the  aerial  ourrent 
from  the  noi-th.  Others  of  lesser  Dote,  in  the  equatorial  or 
meridional,  or  some  intermediate  direction,  cross  the  paths 
of  the  atmospherical  currents  in  every  direction,  imparting 
to  them  fresh  supplies  of  cold,  as  they  themselTes  obtain  from 
ft>em  warmth  in  exchange  :  in  strictness  the  two  operations  are 
^Kume. 

^Hb.  Water. — "  Magnificent  and  stupendous  as  nre  the  effects 
^H'lesnitB  of  the  water  and  of  air  acting  independently  on  each 
^tter,  in  equalizing  the  temperature  of  the  globe,  they  are  still 
more  so  when  combined.  One  cubic  inch  of  water,  when  in- 
vested with  a  sufficiency  of  heat,  will  form  one  cubic  foot  of  steam 
— the  wat«r  before  its  evapoiation,  and  the  vapour  which  it  forms 
being  exactly  of  the  same  temperature  ;  though  in  reality,  in  the 
process  of  oonveraion,  1 1 0'l  degrees  of  heat  have  been  absorbed  or 
carried  away  fnim  the  vicinage,  and  rendered  latent  or  imp^r- 
c«ptibie;  this  heat  is  returned  in  a  sensible  and  perceptible 
form  the  moment  the  vapour  is  converted  once  more  into  water. 
The  geneml  fact  is  the  same  in  the  case  of  vapour  otUTied 

tby  diy  air  at  any  temperature  that  may  be  imagined ;  for, 
[B  hi  below  the  freezing-puint,  evaporation  proceeds  nnin- 
^tedly. 
I.  Laiatt  heat. — "  The  air,  heated  and  dried  as  it  sweeps 
Crrar  the  arid  surface  of  the  soil,  drinks  up  by  day  myriads  of 
tons  of  moiattu-e  from  the  sea — as  much,  indeed,  as  would,  were 
no  moisture  restored  to  it,  depress  its  whole  surface  at  the  rate 
of  eight  or  ten  feet  annually.  The  quantity  of  heat  thus  con- 
verted from  a  sensible  or  perceptible  to  an  insensible  or  latent 
8tnl«  is  almost  incredible.  The  action  equally  goes  on,  and 
with  the  like  results,  over  the  siitfaco  of  the  earth,  whore  there 
^HBptGtnre  to  be  withdrawn.     But  night  and  the  seasons  of  the 
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year  come  round,  aud  the  surpliie  temperature,  thus  witlidttd  

and  stored  away  at  the  time  it  might  have  proved  snpeidiiQW 
or  inconvenicDt,  is  rendered  back  so  soon  as  it  ia  reqiiind; 
thus  the  cold  at  night  and  the  rigour  of  winter  are  modified  hf 
the  heat  given  out  at  the  point  of  condensation  by  dew,  not, 
bail,  aud  Know. 

35.  Effects  upon  the  earth. — "  The  earth  is  a  bad  conductor  cj 
heat ;  the  rays  of  the  son,  which  enter  its  surface  and  raise  the 
temperature  to  100°  or  150°,  scarcely  penetrate  a  foot  into  the 
ground ;  a  few  feet  down,  the  wannth  of  the  ground  in  nearly 
the  same  night  and  day.  The  moisture  which  is  there  preserved 
free  Iroiu  the  inflnence  of  currents  of  air  is  never  raised  into 
vapour ;  bo  soon  as  the  upper  stratum  of  earth  l>ecDnie8  tho- 
roughly dried,  capillary  action,  by  means  of  which  all  escew  of 
water  was  withdrawn,  oeaseg  ;  so  that,  even  under  the  heata  of 
the  tropics,  the  soil  two  feet  down  will  be  found,  on  the  approach 
of  the  rains,  sufficiently  moist  for  the  nourishment  of  plants. 
The  splendid  flowers  and  vigorous  foliage  which  burst  forth  in 
May,  when  the  parched  soil  would  lead  ns  to  look  for  nothing 
but  sterility,  need  in  no  way  surprise  us ;  fountains  of  water, 
boundless  in  extent  and  limited  in  depth  only  by  the  thicknesa 
of  the  soil  which  contains  them,  have  been  set  aside  and  sealed 
up  for  their  use,  boyond  the  reach  of  those  thirsty  winds  or  burn- 
ing rays  which  are  suffered  to  carry  off  only  the  water  which  ia 
superfluous,  and  would  be  pernicious.  They  remove  it  to  other 
lands,  where  its  agency  is  required,  or  treasure  it  up.  as  the  ma- 
terial of  clouds  and  dew.  in  the  crystal  vault  of  the  firmfuneut, 
the  source,  when  the  fitting  season  comes  round  again,  of  those 
deluges  of  rain  which  provide  for  the  wants  of  the  j-ear.  Snoli 
are  some  of  the  examples  which  may  be  supplied  of  general  lam 
operating  over  nearly  the  whole  surface  of  the  terraqueous  globe. 
Among  the  local  provisions  ancillary  to  these  are  the  monsoona 
of  India,  and  the  land  and  sea  breezes  prevalent  throughciut  the 
tropical  coasts. 

86,  Thf  tides. — "  We  have  not  noticed  the  tides,  which,  obe- 
dient to  the  sun  and  moon,  daily  convey  two  vast  masses  of 
wator  round  the  globe,  and  which  twice  a  month,  rising  to  an 
unusual  height,  visit  elevations  which  otherwise  ai'e  dry.  During 
one  half  of  the  year  the  highest  tides  visit  us  by  day.  the  other 
half  by  night;  and  at  Bombay,  at  spring  tide,  the  depths  of  tha 
two  difi^or  by  two  or  tbroe  feet  from  each  other.     Hie  tides-. 
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simply  rim  And  fitll,  in  the  open  ocean,  to  an  elevation  of  two  or 

three  feet  in  all ;  along  oitr  Bboroa,  and  up  giilfa  and  estnariea, 
ihey  sweep  with  the  violence  of  a  torrent,  having  a  genenil 
range  of  ton  or  twelve  feet— sometimes,  as  at  Fundy,  in  Ame- 
rica, at  Brest  and  Milford  Haven,  in  Europe,  to  a  height  of  from 
forty  to  sixty  feet.  The  tides  sweep  our  shores  from  filth,  and 
pnrify  our  nvers  and  inlets,  affording  to  the  residents  of  our 
islands  and  continents  the  benefita  of  a  hi-diumal  ablution,  and 
giving  a  health,  and  freshness,  and  purity  wherever  they  appear. 
Obedient  to  the  influence  of  bodies  many  millions  of  miles  re- 
moved from  them,  their  aubjeotiun  is  not  the  less  complete ;  the 
vast  volume  of  water,  capable  of  ontsbing  by  its  weight  the  most 
utupendous  barriers  that  can  be  opposed  tu  it,  and  bearing  on  ita 
boaom  the  navies  nf  the  world,  impetuously  rushing  gainst  ovir 
shores,  gently  slops  at  a  given  line,  and  flows  back  again  to  ita 
place  when  the  word  goes  forth,  '  Thus  far  shalt  thou  go,  and  no 
farther  ;'  and  that  which  no  human  power  or  contrivance  could 
have  repoUed,  returns  at  ita  appointed  time  so  regularly  and 
surely  that  the  hour  of  its  approach,  and  measure  of  its  mass, 
may  be  predicted  with  unerring  certainty  centuries  beforehand. 

3".  HurriMTtes. — "The  hurricanes  which  whirl  with  such 
fearful  violence  over  the  snr&co,  raising  the  waters  of  the  sea 
tu  enormous  elevations,  and  submerging  coasts  and  islands, 
attended  as  they  are  by  the  fearful  attributes  of  thmider  and 
deluges  of  rain,  seem  requisite  to  deflagrate  the  noxious  gases 
whieh  have  aocumuhited,  to  commingle  in  one  healthful  mass 
the  polluted  elements  of  the  air.  and  restore  it  fitted  fur  the  ends 
deaigned  for  it.  We  have  hitherto  dealt  with  the  sea  and  air— 
the  one  the  medium  through  which  the  commerce  of  all  nations 
is  transported,  the  other  the  means  by  which  it  is  moved  along 
— as  thenieelve«  the  great  vehicles  of  moisture,  heat,  and  cold 
tliroughout  the  regions  of  the  world — the  moans  of  securing  the 
interchange  of  these  inestimable  commodities,  au  that  oxoess  may 
bo  removed  to  where  deficiency  esiats,  deficiency  substituted  for 
oECCas,  to  the  unlxiuuded  advantage  of  alL  This  group  of  illus- 
trations has  lioim  selected  bcciiuse  they  ore  the  most  obvioua, 
^^^  must  niaiple,  and  the  most  intelligible  and  beautiful  that 
^^^Bld  be  ohoben. 

^^^■B.  Pfuiirt  of  the  air. — "We  have  already  said  that  the  atmo 
^^^Btere  foims  a  spherical  shell,  surrounding  the  earth  to  a  depth 
^^^Kch  is  unknown  to  us,  by  reason  of  its  growing  tenuity,  as  it 
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is  released  from  the  pressure  of  its  own  auperinonmbont  tmK 
Its  upper  eurfuco  cannot  be  nearer  to  ns  than  fifty,  and  can 
flcaroely  be  more  remote  than  live  hundred  miles.  It  eiirroonds 
UB  on  all  Hides,  yet  we  Bce  it  not;  it  presses  on  us  with  a  load  of 
fifteen  pouuda  on  every  square  inch  of  eurfaoe  of  our  bodies,  ot 
&om  seventy  to  one  hundred  tons  on  us  in  all,  yet  we  do  not  Ro 
much  as  feel  its  weight.  Softer  thim  the  finest  down,  more  im- 
palpable than  tlio  finest  goeeamer,  it  leaves  the  cobweb  nndio- 
tarbed,  and  scarcely  stirs  the  light«et  flower  that  feeds  on  ths 
dew  it  supplies  ;  yet  it  beam  the  fleets  of  nations  ou  its  wings 
around  tlie  world,  and  crushes  tlie  most  refractory  substanoei 
with  its  weight.  When  in  motion,  its  force  is  sufficient  to  level 
with  the  earth  the  most  stately  forests  and  stable  buildings,  to 
raise  the  waters  of  the  ocean  into  ridges  like  mountains,  and 
dash  the  strongest  ships  to  pieces  like  toys.  It  warms  and  oodi 
by  turns  the  earth  and  the  living  creatures  that  inhabit  it  It 
draws  up  vapours  from  the  sea  and  land,  retains  them  dissolved 
in  itself  or  suspended  in  cisterns  of  clouds,  nnd  throws  them 
down  again,  as  rain  or  dow,  when  they  ate  required.  It  bends 
the  rays  of  tho  sun  from  their  path  to  give  us  the  aurora  of  the 
morning  and  twilight  of  evening ;  it  disperses  and  refracts  tiieii 
various  tints  to  beautify  tho  approach  and  the  retreat  of  the  orb 
of  day.  But  for  the  atmosphere,  sunshine  would  burst  on  ns  in 
a  moment  and  fail  us  in  the  twinkling  of  an  eye,  removing  us  in 
an  instant  from  midnight  darkness  to  the  blnze  of  noon.  We 
should  have  no  twilight  to  sofVen  and  beautify  the  landscape,  no 
clouds  U>  shade  us  from  the  scorching  heat ;  but  the  bald  earft, 
as  it  revolved  on  its  axis,  would  turn  its  tanned  and  weakened 
front  to  the  full  and  unmitigated  rays  of  the  lord  of  day. 

39.  Itg  Junetiom. — "Tho  atmosphere  affords  the  gas  wlu(A 
vivifies  and  warms  our  frames  ;  it  receives  into  itself  tliat  whidi 
has  been  polluted  by  use,  and  is  thrown  off  as  nosious.  It  feeds 
the  flame  of  life  exactly  as  it  does  that  of  the  fire.  It  ia  in  boti 
consumed,  in  both  cases  it  affords  the  food  of  consitnuptioii, 
and  in  buth  cases  it  becomes  combined  with  charcoal,  whioh 
requires  it  for  combustion,  and  which  removes  it  when  com- 
bustion is  over.  It  is  the  girdling  encircling  air  Ibat  makes  Qie 
whole  world  Hn.  Tho  carbonic  acid  witli  which  to-day  oat 
breathing  fills  the  air,  to-morrow  seeks  its  way  round  the  world. 
The  date-trees  that  grow  round  the  fails  of  the  Nile  will  drink  it 

by  their  leaves;  the  cedars  of  Lebanon  will  take  of  it  tfr 
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ft  their  atatare ;  the  ooooa-nats  of  Toliiti  will  grow  rapidly  upon 

Jti  and  the  palms  and  banauasi  of  Japan  will  cbange  it  into 

lowers.     The  oxygen  we  are  breathing  was  distilled  for  ns  some 

short  time  ago  br  the  niBgnolias  of  the  Susqueliannu  and  the 

gi-eat  Ireus  that  ukirt  tho  Orinoco  and  th(^  Amazon  ;  the  giant 

rhodoilAudrons  of  tliu  Himalayas  contiihuted  to  it,  and  the  roses 

^^Bd  myrtles  of  Cashmere,  the  cinnamon-tree  of  Coylon,  and  the 

^Bhwt,  older  tlmn  the  flood,  that  ties  buried  deep  in  the  heart  of 

SQSfnca,  far  behind  the  Mountains  of  thu  Moon,  gave  it  out.     The 

lain  we  see  deBoendlng  was  thawed  for  us  out  of  the  icebergs 

which  have  watched  the  Polar  Slar  for  ages,  or  it  came  from 

snows  that  rested  on  the  summits  of  the  Alps,  but  which  the 

lotus  lilJ(!8  have  soaked  np  from  the  Nile,  and  exhaled  as  vapour 

again  into  the  ever-present  air." 

40.  J%8  opauH&Bg  of  i«i(er— There  are  proceases  no  less 
interesting  going  on  in  other  parts  of  this  magnificent  field  of 
research.  Water  is  nature's  carrier.  With  its  currents  it  con- 
veys heat  away  from  the  torrid  zone  and  ice  from  the  frigid ;  or, 
bottling  the  caloric  away  in  the  -vesicles  of  its  vapour,  it  firet 

->'BUtkes  it  impalpable,  and  then  conveys  it,  by  unknown  paths,  to 

Mj^M  most  distant  )>arts  of  the  earth.     The  mnterinls  of  which  the 

iBnl  builds  tlie  island,  and  the  sea-conch  it«  shell,  are  gnlhered 

CTy  this  restless  leveller  from  mouulaing,  rocks,  and  valleys  in  all 

latitudes.      Some  it  washes  ■iown  from  the  Mountains  of  the 

Moon,  or  <fttt  of  the  gold-fields  of  Australia,  or  from  the  minea 

of  Potosi,  others  from  tlje  battle-fields  of  Europe,  or  from  the 

^H'jnwble  quarries  of  ancient  Greece  and  Rome.     These  materials, 

HM&na  collected  and  carried  over  falls  or  down  rapids,  are  trans- 

^P^Med  iixixa  river  fo  sea,  and  delivered  by  the  obedient  waters 

V-tt  Bach  insect  and  to  every  plant  in  the  ocean  at  the  right  time 

and  temperature,  in  proper  form,  and  in  due  quantity. 

41.  JU  maneReus  poteen. — Treating  the  rocks  leas  gently,  it 
grinds  them  into  dust,  or  pounds  them  into  sand,  or  rolls  and 

^^nbv  them  until  they  are  fashioned  into  pebbles,  rubble,  or 
:  the  sand  and  ehingle  on  the  sea-shore  are  monuments 
Kthe  abrading,  tritnrating  power  of  water.  By  water  the  soil 
s  been  brought  down  firom  the  bills  and  spread  out  into  valleys, 
plains,  and  fields  for  man's  use.  Saving  the  rocks  on  which  the 
everlasting  hills  arc  established,  everything  on  the  surface  of  our 
planet  seems  to  have  been  removed  from  its  original  foundation  and 
"  'n  its  present  place  by  water      Prnt«an  in  shapo,  benignant 
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in  oflicG,  water,  wbetlier  fresh  or  salt,  Bolid,  flaid,  or  gas 
marvellous  in  its  powers. 

42.  II  caters  on  land  for  tnieets  o/Ihe  gea It  is  ODe  of  tl 

agents  ia  the  munifolil  workiihops  m  which  and  by  whic 
earth  has  been  made  a  habitation  fit  for  man.  Circulating  in 
veins  beluw  the  Burfoce,  it  pei-vades  the  solid  crust  of  the  eartli 
til  the  ftilfilment  of  its  offlcBS ;  paissing  under  the  mutmlaina  it 
runs  among  the  hills  and  down  through  the  valleys  in  eeardt  of 
pabulum  fur  the  moving  creatures  that  have  life  in  the  sea.  In 
rivers  and  in  rain  it  gathers  up  by  ceaseless  lixiviatiou  food  for 
the  creatures  that  wait  upon  it.  It  carries  off  Irom  the  la^^_ 
whatever  of  solid  matter  the  sea  in  its  economy  requires.         j^^M 

43.  Leaching. — The  waters  which  dash  againet  the  shore,  w)^^H 
the  running  streams  pour  into  the  flood,  or  with  which  tha  I^^H 
and  currents  scour  the  bottom  of  their  channel  ways,  ]H^^| 
soaked  from  the  soil,  or  leached  out  of  the  disintegrated  mataq^^| 
which  strew  the  beach  or  line  the  shores,  portions  of  every  B^^H 
ble  ingredient  known  in  nature.  Thus  impregnated,  the  lai^^H 
ing,  dancing  waters  come  down  from  the  mountains,  tun^^H 
wheels,  driving  machinery,  and  serving  the  manifold  purpoe^^^^ 
man.  At  last  they  find  their  way  into  the  sea,  and  so  mak^^^H 
lye  of  the  earth  brine  for  the  ocean.  ^^H 

44.  Solid  irtgrediettla. — Iron,  lime,  silver,  sulphur,  and  Copjj^^H 
silex,  soda,  magnesia,  potash,  chlorine,  iodine,  bromine,  ammoi^^H 
are  all  found  in  sea-water ;  some  of  them  in  qiiaatities4w  '"''^^1 
fur  the  nicest  appliances  of  the  best  chemists  to  detect,  '^^H 
which,  nevertheless,  are  elaborated  therelrom  by  physica]  g^^| 
cesses  the  most  exquisite.  ^^H 

45.  Qwtnlity  of  ailoer  in  the  tea. — By  examining  in  Valpai^^^f 
the  copper  that  had  been  a  great  while  on  the  bottom  of  a  4^^H 
the  presence  of  silver,  which  it  obtained  from  the  sea,  ^^H 
detected  in  it.  It  was  in  such  quantities  as  to  form  the  ^^^| 
of  a  ouloulacion,  by  which  it  would  appear  that  there  ia  hd^^H 
solution  by  the  sea  a  quantity  of  silver  sufficient  to  weigh  no  ^^H 
than  two  hundred  million  tons,  could  it  all,  by  any  procen{^^| 
precipitated  and  collected  into  a  separate  ma^s.  ^H 

46.  lit  inhabitanU — their  o^cm.— The  salts  of  the  sea,  M  1^1 
solid  ingredienlB  may  be  called,  can  neither  be  precipitated  oa  ^^| 
bottom,  nor  taken  up  by  the  vapours,  nor  returned  again  by^^H 
rains  to  the  land :  and,  but  for  the  presence  in  the  sea  of  oert^^f 
UQUti  to  which  has  been  a^sigued  tb^  task.  c£  Gollactiii£  l^b^^^l 
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t&te  ugain,  in  the  sea  tlioy  would  have  to  remiiin.  There, 
bting  in  its  waters,  the}'  would  alter  the  quality  of  the 
I  Ihe  health  of  its  inhabitatitfi,  retard  evaporation, 
btimatos,  and  work  eadlosa  mischief  upon  the  ikuna  and 
of  both  sea,  earth,  and  air.  But  in  the  oceanic  machi- 
liuB  ia  prevented  by  coniponsatioBS  the  most  beantifiil, 
^aieuts  the  most  exquisite.  Am  in  the  atmospbcre  the 
charged  with  the  office  of  purifying  the  air  by  elabo- 
I  vegetable  tisfiHO  and  fibre  the  impurities  which  the 
'e  oontinualJy  casting  into  it,  bo  also  to  the  mollneks,  to 
drepurcs,  and  insects  of  the  sea,  has  been  assigned  tbe 
tttking  out  of  its  waters  and  making  solid  again  all  this 
ti  matter  aa  fast  as  the  dripping  streams  and  eearching 
bcharge  it  into  the  ocean. 
tenummlt  of  their  indaslry. — As  to  the   eit«Dt  and  magni- 

I  this  endless  task  some  idea  may  be  formed  from  the 
'  f,  the  marl  beds,  the  shell  banks,  the  chalk  cliffy, 

kei  marine  deposits  which  deck  the  seashore  or  strew 

Intdj/tia  0/ »ea-uM/er.— Fresh  water  is  composed  of  oxygen 
Irogcn  gas  in  the  proportion  by  weight  of  1  to  8  ;  and  tbe 

II  ingredients  which  chemists,  by  treating  small  sampler- 
ter  in  tbe  iahoratory,  have  found  in  .i  thousand  grains, 

Wnter SliS.O  gnuna 

Clitiiriile  of  Salinm       .        .        .        .27-1 

Chloriilti  of  MBgneaiom         ...  5.4  „ 

OMorirle  of  FotBaaiiuu    .         .         .         .  U,l  ,. 

Brumjdn  of  Uugaeau   .        .        .  0.1  _ 

Sulplialu  of  Msgnedu   .        .  1.2  „ 

Bnliilmte  of  Liiiiti         ....  0.8  . 

Onibmuilo  of  LiiDO                .        .        .  0.1  _ 

Lcnvtng  u  Teoidumn  of  .        .        .        .  2.0  „   =   1000, 

pig  of  sulphuretted  hydrogen  gas,  hydix>chIorute  of  anuuo- 
,,  in  various  quantities  and  proportioos,  according  to 
lity  of  the  specimen. 

Vopwd'on  o/tealer  to  the  moM  ofHi«  earth, — If  we  imagine 
ie  muss  of  the  earth  to  be  divided  into  1786  equal  parts 
|ht,  then  the  weight  of  all  the  water  in  the  eea  would,  «c- 

to  sn  estimate  by  tjir  John  Hencliel,  be  equivalent  to 
ich  parts.     Snch  is  the  quantity,  and  such  some  of  the 

of  that  delightful  fluiil  to  which,  in  the  laboratories  and 
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workshops  of  natnro,  such  mighty  tasks,  sucli  important 
moh  manifold  and  muItitudinouE  powers  have  been  assigned. 

50.  The  three  great  oceans. — ThiH  Tolume  of  water,  that  out- 
weighs the  atmosphere  (§  I)  about  400  limes,  is  divided  into 
three  great  oceans,  the  Atlantic,  tho  racific,  and  the  Arctic ;  for  in 
the  rapid  survey  which  in  this  chapter  we  are  taking  of  the  field 
before  iis,  the  Indian  and  Pacific  oceans  may  bo  regarded  as  one. 

51.  The  AQantic. — The  AtUntio  Ocean,  with  itu  arms,  is  sap- 
posed  to  extend  from  the  Arctic  to  the  Antarctic^ perhaps  iiani 
pole  to  pole ;  bat,  measuring  from  the  icy  barrier  of  the  north  to 
that  of  the  south,  it  is  about  0000  miles  in  length,  with  a  toeui 
breadth  of  2T00  miles.  It  covers  an  area  of  about  25,000.000 
sqnare  miles.  It  lies  between  the  Old  World  and  tho  New; 
passing  beyond  tlic  "  stormy  capes,"  there  is  no  longer  any  btr- 
rier,  but  only  an  imaginary  line  to  separato  it»  waters  from  ihaX 
great  southern  waste  in  which  tbe  tides  are  cradled. 

52.  Itt  tide». — The  young  tidal  wave,  rising  in  tlie  circnmpolai 
seas  of  the  south,  rolls  thenac  into  the  Atlantic,  and  in  12  boun 
after  passing  the  parallel  of  Cape  ?Ioia,  it  is  Ibund  pouring  ite 
flood  into  the  Bay  of  Fundy. 

j3.  lU  d^ptht, — The  Atlantic  is  a  deep  ocean,  and  the  middle 
i(«  deepest  part,  thoreforothe  more  favourablo  (g  13)  to  the  pro- 
pagation of  this  wave. 

54.  ConirMled  with  the  Pacific. — The  Atlanlio  Ocean  contraats 
very  strikingly  with  the  Tacific.  The  greatest  length  of  oii« 
lies  east  and  west;  of  the  other,  north  and  eouth.  The  onr- 
rents  of  tho  Pacific  ore  broad  and  sluggiish,  those  of  the  Atlantic 
swift  and  contracted.  The  Mommbiquc  current,  as  it  is  called. 
has  been  fonnd  by  navigators  in  the  South  Pacific  to  be  upwards 
of  1600  miles  wide— neaily  as  broad  as  the  Gulf  Btruam  is  long. 
The  principal  currents  in  the  Atlanlio  ruB  to  and  fro  between 
Iho  equator  and  the  Northern  Ocean.  In  tho  Pacific  they  nm 
between  the  equator  and  the  southern  seas.  In  the  Atlantic  ^ 
lidea  are  high,  in  ihu  Pacific  they  are  low.  The  Pacific  foecb 
Iho  clouds  with  vapours,  and  the  clouds  feed  the  Atlantic  wiHl 
rain  for  its  rivora.  If  the  vobinie  of  rain  which  is  discharged 
into  the  Pacific  and  on  its  slopes  bo  reprMented  by  1,  that  du> 
chnipjd  upon  the  hydrographiual  basin  of  the  Atlantic  into  iht 
Atlanlio  would  be  represented  by  5.  The  Atlantic  is  orii&a^ 
(Inily  by  steamers,  the  Pacific  rarely.  Tho  Atlantic  waahee  ^^ 
•faores  of  the  looHt  powei&l,  intall^eitt,  and  Christian  nal' 
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hut  a  p^an  or  a  heathen  people  in  the  countries  to  wliich  tho 
I'ncifio  gives  drainage  are  like  tho  sanile  upon  its  sliores  for 
Diiiltitude.  The  Atlantic  is  tho  moot  slonnj'  eea  in  the  world, 
tfai)  Paaific  the  most  tranquil. 

3S.  Tie  IWejniji/n'c  Plateau.— Aaxong  the  many  valiiablu  dis- 
coveries to  which  these  researches  touching  the  phyeiuB  of  the 
Mea  have  led.  iioue  perhnps  is  more  interi^sting  than  the  Tele- 
giuphiti  FUteau  of  the  Atlantic,  and  the  tact  that  the  hotlom  of 
tho  deep  aea  is  lined  with  its  own  duad.  whose  raicroacopio 
remains  are  protected  Cmm  tlie  abrading  action  of  its  currents 
and  the  violence  of  itfi  wavux  by  ousliiona  of  still  waf«r. 

58.  ifeif  roalet  for  an  AUanlio  Tetegroph. — Tbo  idoa  of  a  tele- 
graph from  England  or  Ireland  along  this  plai«au  to  Ameriou, 
Beems  after  the  aplendid  failuro  of  1 858  to  have  been  abandoned, 
cbiully  liowever  on  account  of  the  electrical  difBculties  which 
stand  in  the  way  of  so  long  a  cii'ouit.  Other  routes  with  shortoi- 
oircniu  are  now  proposed :  these  are  engaging  the  attention  of 
enlightened  govemmeuls  iu  Europe,  and  of  enterpriaiog  men  ou 
both  sides  of  the  Atlantic. 

57.  The  Greenland  rmde. — A  line  viS  Iceland  and  Greenland 
to  Labrudur,  and  thence  overland  to  Canada  and  the  United 
Statea,  ia  altraoling  attention  in  England,  llie  Admiralty  have 
despatched  Captain  McClintock  in  the  "  Fos,"  of  Arctic  renown. 
to  run  a  line  uf  deep-6oa  soundinga  along  this  route. 

58.  Th«  French  runle. — Another  liuo  from  France,  n'd  the 
Western  Jslands  to  St.  I'ierre  Miqiielon,  a  French  fishing-station 
off  Newfonndland.  and  thence  to  the  United  States,  is  attracting 
the  attention  of  the  French  people.  Their  emperor  has  given 
his  sanction  with  the  most  liberal  enooarogement. 

59.  Their  length  of  drcail. — The  longest  reach  by  the  Green- 
land route  may  require  a  circuit  not  exceeding  400  or  500  miles 
in  length.  The  greatest  dislAnoe  between  tbe  relay  batteries  of 
the  French  line  will  be  a  little  over  a  thousand.  Theije  dis- 
tances,  with  wires  properly  insulated,  are  held  to  be  within 
effective  lolcgraphic  reach. 

60.  FatUty  fjAlee. — One  of  the  chief  physical  difGculties  which 
seem  now  to  stand  in  the  way  of  these  lines  lies  with  the 
"  cables."     It  so  happens  that  all  deep-sea  lines  have  at  the 

^present  writing  ceased  to  work.  The  two  UallA  lines  in  the 
Uediterraneau  aro  out  of  order ;  so  also  are  the  lied  Soa  lines : 
no  ueasuges  have  passed  between  Rurrachee  and  Aden  for  some 


time,  and  the  line  to  Algiers  has  been  suspended,  if  not  abi 
doned,  for  the  present. 

61.  Their  iron  vropptitgt.— All  these  lines  had  cables  inctwed 
in  ft  wrapping  of  iiiin  wire  i'^and  it  is  »  qnestion  whether  tia 
tJifficiilty  with  them  nil  be  uot  owing  to  ihat  circuiuetance.  The 
wire  wmp|)ing  of  the  Atlantic  cable  has  been  found  in  a  state 
almost  of  complete  disintegration,  like  the  iron  iastenings  o( 
coppered  bbips.  This  evidenoe  of  galvonio  action  exoites  suspi- 
oions  as  to  the  pru}.«r  insulation  of  that  cable.  Iron,  sea-water, 
and  copper,  will  make  a  battery  of  no  inconaiderable  power ;  and 
the  decayed  stjite  of  the  iron  wire  in.  this  instance  eDcourag«a 
the  belief  as  to  defective  insulation. 

62.  Imperfect  inaulaiion.Svch  are  the  fftcta.  But  the  facts  do 
not  prove  that  gutta-percha  is  an  imperfect  insulator.  With 
regard  to  the  Atlantic  cable,  they  surest  that  the  insulation  of 
lhat  cable,  though  pei-fect  at  first,  might  havo  been  injured  by 
the  handlings  to  which  the  cable  was  afterwards  subjected,  and 
above  all  by  the  heavy  Btraina  which  were  brrmght  upon 
it  by  tic  ■■  bi'akefi"  during  the  cporatiun  of  laying  it  along  the 
plateau. 

63.  The  Bed  Sea  and  SledUerrutiean  eahles. — These  facts,  how- 
ever, do  not  suggest  the  same  for  the  Red  Sea  and  Mediterranean 
cables,  for  tho-se  cables  had  all  been  down  for  some  time,  and  had 
been  working  more  or  less  satisfactorily  :  nevertheless,  we  ut 
reminded  by  these  failures  now,  and  that  too  froi 
quarter,  that  iron  wrappings  about  a  lelegrapliio  wire  are  C 
use  in  the  deep  sea.* 

64.  A  ijalranie  baUery  in  the  tea. — Two  metals,  as  a  copperJ 
ductor  and  nu  iron  wrapper,  would  seem  not  to  bo  desimbH 
ihe  same  cord,  for  in  case  of  leakage  a  galvanic  battery  ii 
formed  in  the  sea,  and  brought  into  play  upon  the  cubla. 
only  so,  the  cable  itself  is  a  long  and  powerful  Leyden  jarjJ 
iron  wrapping  assists  to  make  it  so.  This  circumBtance  ■ 
alio  assist  to  excite  Ihe  two  metals  still  more,  and  so  bastes) 
dostnietion  of  the  cable  as  an  eleotrioal  conductor. 

65.  Two  meiaU  tlvu^d  not  he  it-ied  ahoot  a  saiimarina  aAle.~ 

•  "Tlieref'To  il  nmy  now  be  eonsiderad  a  aeltled  principle  in 
telegnplijr,  tlmt  llio  true  cliuriu^Ier  of  a  tuble  fcir  the  deep  >ca  is  nai 
iroQ  rr>ix>  ua  ttzg«  lu  a  inuii'i  ann,  but  iif  a  liitgle  coppor  wire,  ar  i 
wirM  matiMl  with  eattni-pctviia.  pliiuit  an<l  supple,  nnil  iin[  larger  U 
AbrV.'^— Letter  to  Beantvy  d  tba  Hhj,  Nomnbor  S,  1S» 


indepeudent  of  these  fucta  and  viewa,  diere  is  anotlier  reason  why 
irun  wrttppiiigs  and  two  metals  should  not  be  used,  at  least  lor 
doe])^OA  ciibles.  Our  reseiirchcs  at  ee&  have  shown  that  there  is 
□o  ntnniug  water  at  the  bottom  of  the  deeji  sea.  Hence  we  iufer 
that  a  tole^t[ihic  coic]  once  lodged  uit  the  bottom  of  the  ocean, 
tbtire,  as  the  tree  that  TallH  in  the  forest,  it  would  lie;  for  there 
is  nuthiug  to  disturb  it  auto.  Wherefore  it  hus  been  held,*  that 
the  iron  wrapping  for  deep^ea  lines  of  telegraph,  instead  of 
being  advantageous  in  any  aspect,  are  not  only  a  hindrance, 
btit  an  iiiGumbratice  also  and  a  waste :  the  weight  of  the  cord 
may  be  adjusted  to  sinking  by  the  size  of  the  conducting  wire 
within  lis  well  a«  by  the  character  of  the  non-metallic  wrapping 
without. 

b  66.  Sogers'*  cable  "jacket." — Whether  the  insulating  material 

b  gutta-percha,  india-rubber,  or  other  matter,  it  requires  to  be 

teoted  from  c^iafes  and  bruiEcs  while  on  board,  and  when  it  is 

g  payed  out.     And  it  may  be  bo  protected  by  a  covering,  not 

I,  but  of  silt,  hemp,  flax,  or  cottun.     An  ingenious  Ame- 

mt  b**  invented  a  "  jacket,"  which  will  not  only  protect  the 

cable  while  on  board,  bnt  afterwui*dB  also,  and  when  it  is  at  the 

bottom  even  in  shallow  and  running  water.     ITiUB  one  of  the 

obstacles  which  have  been  intoi-fering  with  the  progress  of  Bub- 

_     jQorine  lelegrnphy  is  removed  out  of  the  way. 

^^B  67.  De^Kca  lemperaturet  a  demderatum. — Dut   notwitb stoning 

^^bl  ^i^t  has  been  done  with  the  sea  and  in  the  sea  for  llje  electro- 

^^nOignetic  telegmpb.  and  for  human  progress,  there  stUl  remain 

many  agenda,     There  is  both  room  and  need  for  farther  rcaearcli, 

moiQ  exploration,   and   many  esperimenta.     As  bearing  upon 

till?  o«st  insulating  material  for  submarine  lines  of  telegraph,  a 

a j^vod  series  of  deep-sea  temperatures  is  much  needed.     Of  all 

"""we  who  are  now  engaged  in  observing  and  studyingwitL  xm, 

3  for  us,  the  phenomena  of  the  sea,  are  there  none  who  will 

'  e  deep-sea  temperatures  a  speciality  ?     They  would  no  doubt 

e  as  instructive  and  as  useful  too  as  deep-sea  eoundings  hfve  ' 

ft  and  are.  %'] 

'  Vilt  Letter  io  B«™iiiiy  of  lie  Navy,  KoTOniher  8,  Ifisa     Mbuij'k 

g  INr«ticiUci.  ctiBptu  ScBMAiiKi;  TeLnafULFirr :  Jitto.  Phjurnl  Otn^ph; 

.if  till-  Kcs,  diniitcrs  XUI,  ami  XXL  Hiirper  Btothcra,  New  Yotk.  1853 ;  aleo 

Joanul  Ib^al  Dublin  Sucii-ty.  nuniU  re  XII. uid  XIH.    Lellerlo  Jnlm  Lwkf. 

on  tiio  Alktitic  Ttle^rniph  raniKB  of  iiilaio  and  probabilitiec  t>!  ultiouile  loc- 

cuu,    Bfod  Jniiiuiry,  I85». 

t  Beurf  1.  Bogora  uf  fiuJtiiiuiT* 


n»/romi7iedq)(fto/19,800/ee(.— Lieutenant  Broolcer, 
"  Hancock,"  haB  obtained  soimdings  in  tbe  Nrjrth  I'acifio 
from  the  depth  of  3300  fathoms,  with  specimens  both  of  the  oo«e 
and  the  water  at  the  bottom.  These  have  been  sent  to  Professor 
Ehrenherg  of  Berlin,  for  microscopio  examination.  He  bam  not 
completed  his  etndy  of  these  treasures,  but  he  already  report*  the 
discoveiy  in  them  of  more  than  one  hundred  new  species  c* 
animalculre. 


CHAPTER  II. 

S   70-147, — THE  GULF  STREAM- 


ea  1^ 


70.  Us  eohof. — There  ie  a  river  in  the  ocean  :  in  the  bct. 
droughts  it  never  falls,  and  in  the  mightiest  floods  it  never  over- 
flowa ;  ita  banks  and  ita  bottom  are  of  cold  water,  while  its 
current  is  of  warm ;  it  takes  its  rise  in  the  Gulf  of  Mexico,  and 
eropticB  into  Arctic  seas ;  this  mighty  river  is  the  Gulf  StreanL 
There  is  in  the  world  no  other  such  majestic  flow  of  watent. 
Its  current  is  more  rapid  thantheMissiasippior  the  Amazon,  and 
ita  volume  more  than  a  thousand  times  greater.  Tts  waters,  u 
far  out  from  the  gulf  as  the  Carolina  coaflts,  are  of  indigo  bloa. 
They  arc  so  distinctly  marked  that  their  line  of  junction  with 
the  common  aea-water  may  be  traced  by  the  eye.  Often  one- 
half  of  the  vessel  may  be  perceived  floating  in  Gulf  Stream 
water,  while  the  other  half  is  in  common  water  of  the  sea — 
80  sharp  is  the  line,  and  siichtho  want  of  affinity  between  thoao 
waters,  and  such,  too,  the  relnolanoe,  so  to  speak,  on  the  ptui 
of  those  of  the  Gulf  Stream  to  mingle  with  the  littoral  waters  of 
the  sea. 

71.  HotB  eauted. — At  the  salt-works  of  Franco,  and  airing  the 
shores  of  the  Adriutic,  where  the  ■'  folinet"  are  carried  on  by  the 
process  of  Bolftr  evaporation,  there  is  a  series  of  vats  or  poola 
th>oiigh  which  the  water  is  passed  as  it  comes  from  the  sea,  and 
is  reduced  to  the  briny  state.  The  longer  it  is  exposed  to  evapo- 
ration, the  Salter  it  grows,  and  the  deeper  is  the  hue  of  its  blue, 
until  crystallization  is  about  to  commence,  when  tho  now  deep 
blue  water  puts  on  a  reddish  tint.  Now  the  water  of  the  Gulf 
Stream  is  ealter  (S  102)  than  Iho  littoral  water  of  the  sea  tbrongh 
wliieh  it  llows,  and  hence  we  can  account  for  tbe  deep  indigo 
bhie  which  all  navigators  observe  in  Gulf  Stream  water    " 
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The  salt-makers  are  ii 
a-water  inealtby  if 


Rasts,  The  salt-makers  are  in  lie  habit  of  jud^^ng  of 
1  of  sea-water  in  salt  by  ifs  eolonr— tbe  greener  the  htie. 
the  tresher  the  water.  We  have  in  tliis,  perhaps,  an  explanation 
of  the  contrasts  which  the  waters  of  the  Gulf  Stream  present 
with  thoae  of  the  Atlantic,  as  well  as  of  the  light  green  of  the 
North  Sea  and  other  Polar  waters  j  also  of  the  dark  blue  of  inter- 
tropical seas,  and  especially  of  the  Indian  Ocean,  which  poeta 
have  described  as  the  "  black  waters."  Seamen  who  visit  the 
Palls  of  Niagara  never  fiiil  to  remark  upon  the  beautiful  green  of 
the  water  in  the  river  below,  and  to  contrast  it  with  the  dark 
blae  of  the  sea  iu  the  trade-wind  regiona. 

72.  SpeeidtUiont  amceming  the  Out/ Stream. — \Miat  is  the  cause 
of  the  Oulf  Stream  ban  always  puzzled  philosophers.  Many  are 
the  theoriBB  and  numeroua  the  speculations  that  have  been 
advanced  with  regard  to  il.  Modem  investigations  and  examina- 
tions Ate  beginning  to  throw  some  light  npon  the  snhject,  though 
all  ia  not  yet  entirely  clear.  But  they  seem  to  encourage  tlie 
opinion  that  this  stream,  as  well  as  all  the  etnutant  currents  of  the 
m)&,  is  due  moiWy  to  the  carulant  difference  produced  by  temps' 
rature  and  saltness  in  the  specific  gravity  of  water  in  certain 
parl8  of  the  ocean.  Such  difference  of  specific  gravity  is  incon- 
ei&tent  wilh  aqueous  eqnilibriimi,  and  to  maintain  this  equi- 
librium these  great  currents  are  set  in  motion.  The  agents 
wbicb  derange  equilibrium  in  the  waters  of  the  sea,  by  altering 
ejieoific  gravity,  reach  from  the  equator  to  tbe  poles,  and  in  their 
uiwrations  they  are  aa  ceaseleSD  na  heat  and  cold ;  consequently 
they  call  for  a  system  of  perpetual  currents  to  undo  their  per 
potual  woik. 

73.  Ageneiea  eotuxmed. — Tlieso  agents,  however,  arc  not  the 
»ole  canso  of  currents.  The  winds  Mp  to  make  currants  by  press- 
ing upon  the  waves  and  drifting  before  them  the  waf^r  of  tlie 
sea ;  so  do  the  rains,  by  raising  its  level  here  and  there ;  and  so 
does  the  atmosphere,  by  pressing  with  more  or  less  anperinount- 
bunt  force  tipun  different  parts  of  the  ocean  al  the  some  moment, 
and  as  indicated  hy  tbe  changes  of  the  barometric  colmnn.  But 
when  the  winds  and  the  rains  cease,  and  the  barometer  is  sla- 

^itttnaiy,  the  currents  that  were  the  consequence  cease.  The 
Hiinnmts  thns  created  an)  therefore  ephemeral.  But  tbe  changes  of 
^^^nperatore  and  of  sattnces,  and  tbe  work  of  other  agents  which 
^^Hbot  the  specific  gi'avity  of  sea-water  and  derange  its  equili- 
^^Hjnm,  are  as  ceaseless  in  their  operations   an  the  sun  in  his 
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course,  aud  in  iheir  effect  tliey  ai-e  an  eiidlesB.  riiiioW'iili.v  point* 
to  tliem  as  the  (hief  cause  of  the  Gulf  CJtreHUi  and  of  itll  tho  cw»- 
atant  cnrrents  of  the  eca. 

74.  Early  wrilert. — ^Early  writers,  however,  maintained  HiU 
the  Misaiflsippi  River  was  the  father  of  the  Gulf  Stroam,  lis 
floods,  they  said,  produce  it :  for  the  velocity  of  this  river  in  tho 
sea  (S  70)  might,  it  was  hold,  be  computed  by  the  rate  of  thu 
current  of  the  river  on  tho  land. 

75.  (Xijedion  to  iAe  /reah-uaier  theory.  —  Cuptoin  LivingBtoa 
overturned  this  hypothesis  by  showing  that  the  volume  of  waler 
which  the  Mississippi  Itiver  empties  inlo  the  Gulf  of  Aloxico  is 
not  equal  to  the  three  thousandth  part  of  that  which  escapes 
from  it  tUrongh  the  Gulf  Strfara.  Moreover,  the  water  of  tha 
Gulf  Stream  is  salt— that  of  the  Mississippi,  fresh;  and  tlie 
advocates  of  this  fiesh-water  theory  (§  74)  fo:^t  that  jnst  W 
much  salt  as  escapes  from  the  Gulf  of  Mexico  through  thia 
stream,  must  enter  the  Gulf  through  some  other  channel  from 
the  main  ocean ;  for,  if  it  did  not,  the  Gulf  of  Mexico,  in  proceea 
of  time,  unless  it  had  a  salt  bed  at  the  bottom,  or  was  fed  with 
salt  springs  from  below— neither  of  which  is  probable^ woiild 
become  a  fresh-water  hasin. 

7IJ.  Ummjtlim't  hypothema.  —  The  above-quoled  argument  of 
Captain  Livingston,  however,  was  bold  to  he  conclusive  :  and 
upon  the  remains  of  the  hypotbo8is  uhicb  he  had  so  conipletely 
overturned,  be  set  up  another,  which,  in  turn,  has  also  been 
npset  In  it  he  ascribed  tho  velocity  of  the  Gnlf  tjtream  as 
depending  "on  the  motion  of  the  aun  in  tho  ecliptic,  and  the 
influence  he  has  on  the  waters  of  the  Alhinlic." 

77.  Franklin'g  theory. — ^But  the  opinion  that  came  to  bo  most 
generally  received  and  deep-rooted  in  the  mind  of  seafaring 
people  was  the  one  repeated  by  Dr.  Franklin,  and  which  held 
that  the  Oidf  Stream  is  the  escaping  of  ihe  watere  that  have  been 
forced  into  the  Caribbean  Sea  by  the  trade-winds,  and  that  it  is 
the  pressure  of  those  winds  upon  the  water  which  drives  np  into 
that  sea-head,  bb  it  were,  for  this  stream. 

78.  Objediom  to  it. — Wo  know  of  instances  in  which  the  waters 
have  been  accumulated  on  one  side  of  a  lake,  or  in  one  end  of  a 
oanal,  at  the  expense  of  the  other,  The  pressure  of  the  trade- 
winds  may  ateid  to  give  the  Gnlf  Stream  its  initial  velucit}',  but 
are  they  of  themselves  sufGcient  to  seudsuch  a  stream  of  water  all 
thewajr aoroastbaooean,  pioj«otiug  byAtungloimprefisa  voIium- 
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ol  water  &om  the  sboTes  of  America  to  tlie  shoves  uf  Eurupe,  tlutt 
eiLceedfa  in  discharge  the  niigUty  MIt;aibsi|ipi  a  tliuu^nd  times? 
Reasou  teu^hea  aud  examination  tihows  ihul  they  aie  not.  AYitb 
lim  view  of  afioertainiug  tlie  average  niiinbor  uf  days  during  lUe 
yoar  that  the  N-H  trade-winds  of  the  Atkiiiio  operate  u[ion  the 
oLirrenta  betweeu  25°  N.  and  the  equator,  log-books  coiilaiuiug 
no  less  than  380,284'  oliservationa  on  the  force  and  direction  ul' 
I  he  wind  iu  that  ooean  were  examined.  The  data  thus  afforded 
were  curofally  compared  and  discussed.  The  results  ehow  that 
within  thooe  latitudes,  and  on  the  avenge,  the  wind  &oui  ihtt 
N.E.  quadrant  is  in  excess  of  the  winds  from  tlte  S.Vi'.  only 
1 1 1  days  out  of  the  305.  During  the  rest  of  the  year  the 
S.W.  counteract  the  effect  of  the  N-E.  winds  upon  the  currents. 
Now,  can  the  N.E.  trades,  by  blowing  for  less  than  oue-third 
iif  ibe  time,  cause  the  Gulf  titteain  to  run  all  the  time,  and 
without  varying  jta  velocity  either  to  their  force  or  their  pre- 
valenoo  ? 

79.  HerteheTg  explaaoiion.^-^ii  John  Her»;he]  niaintAinsf  that 
tJiey  can ;  ihut  the  trade-winda  are  the  MiAe  mmsc'^  of  the  Gulf 
tiiieam  ;  not,  indeed,  by  causing  "  n  head  of  water  "  in  the  West 
Indian  seas,  but  by  rolling  particles  of  water  before  thorn  some- 
what atj  billiard  bulls  are  rolled  over  the  table.  He  denies  to 
evaporation,  temperature,  salt«,  and  sea-ebellfi,  any  tfTective 
influence  whatever  upon  the  circulation  of  the  waters  in  the 
iieeun.  Accnidiug  lo  him  the  winds  are  the  supreme  current- 
producing  power  in  the  Bi.'a.§ 

60,  Olrjfctione  to  t(.  —This  theory  would  require  all  the  currents 
of  ihu  sea  to  set  with  the  winds,  or  wbun  deflected,  to  be 
doflected  ftom  the  shore,  as  billiard  balla  are  from  the  cmJiious 
£  [he  table,  making  the  littoral  angles  of  inctdeuoe  and  reflection 
Kttal,  Now,  so  fur  from  this  being  the  cuse,  not  on&  of  the 
it  currents  uf  the  ena  either  makes  suuh  u  rebound  or  sets 
h  the  winds.     The  Gulf  Stieom  sole,  as  it  comes  out  of  the 

nlf  of  Mexico,  and  for  huudredis  of  miles  after  it  enters  the 

►  Ntntiotl  MoBOKreph*.  Wasliingliin  Obnemtorj,  Nft  1. 

t  AiUcIb  "  Phjaical  Geogiajibf,"  Stli  edition  Eui^ctopaidia  BriliiDniou. 
"Tlia  dyuuDicB  uf  Che  Gulf  Stimiu  Lure  of  lute,  in  thu  wurk  of  Lieu- 
iDt  Usury,  alruui)'  mentioned,  brun  mode  Uie  aalyect  of  much  (we  vounot 

I  think  nisplaocid)  woudor,  m  if  tlii?ro  douUI  be  anj  poaslble  gnmud  for 
I  owaa  its  origin  mtirdy  to  tliu  Irado-wiaii." — Art  57,  Phji 
niplif.  Hlh  edition  Enc^.  Brit. 

I  An.  £5,  Pliy&  Geograpli;.  Kncjo.  Brit. 


Atlantic,  against  the  trado-winds  ;  fur  a  part  of  tLe  way  it  thiw 
right  in  ihe  "n-ind's   eye."     'I'bo  Japan   current,    '■  tbe   Gnlf 
Sti'eam  of  the  Pacific,"  doea  the  Eame.     The  Moianibiquc  cmrent 
runs  to  the  eouth,  against  tho  S.E.  trade-winds,  and  it  changw 
not  with  the  monBoona,      The  ice-bearing  currents  of  the  nortb 
oppose  the  winJs  in  their  course.     Iltiniboldt's  current  has  its 
geneaia  in  the  es-tropical  regions  of  the  south,  where  the  "■  bmve 
west  winds  "  blow  with  almost  if  not  with  quite  the  regularity 
of  the  trades,  but  with  double  their  force.     And  this  carreot, 
instead  of  netting  to  the  S-I^.  befoiv  these  winds,  flows  north  in 
spile  of  them.     These  are  the  main  and  constant  currents  (if  th^^ 
Rea — ^t}ie  great  arteries  and  jugulars  through  which  its  circiuH 
tiun  is  conduc1«<d.      In  every  instance,  and  rcganllesa  of  ^Pta^^l 
tiiuse  currents  that  are  warm  flow  towards  the  poles,  those  ^^H 
are  otild  set  towards  the  equator.     And  this  thoy  do,  not  by-^^f 
force  of  the  winds,  bat  in  spite  of  tiiem,  and  hy  tbe  force  of  tlrf^H 
very  agencies  that  make  the  winds  to  blow.      Tbey  flow  thoai^^H 
virtue  of  those  efforts  which  the  sea  is  continually  makingi^H 
i-estore  that  equilibrinm  to  its  waters  which  heat  and  oold,  ^^M 
forces  of  evaporation,  and  the  secretion  of  its  inhabitants  )d^| 
everlastingly  destroying.  ^^M 

81.  The  tupremaeg  of  tie  winda  disputed. — If  the  winds  mi^^| 
the  uj>p(T,  what  makes  the  under  and  counter  currents?  ^I^t^H 
qnestion  is  of  itself  enough  to  impeach  that  supremacy  of  1^^| 
winds  upon  the  oitrrents,  which  the  renowned  philosopher,  wt^H 
whom  1  am  so  unfortunate  as  to  differ,  travailed  so  far  out  of  l^H 
wiiy  td  vindicate.*  The  "  bottles"  also  dispute,  in  their  Bil6^^| 
w;iy,  the  "  supremacy  of  the  winds  "  over  the  currents  of  ^^H 
Nea.  nie  bottles  that  ai'e  thrown  overboard  to  try  currctnts  ^^H 
partly  out  of  the  water.  The  wind  ha»  influence  upon  th^^H 
yet  of  all  those— and  they  arc  miiny — that  have  been  thro^^H 
oveJ'board  in  the  trade-wind  region  of  the  North  Atlantic,  ot^^^l 
the  Caribbean  Sea,  whore  the  trade^winds  blow,  none  have  bl|^^| 
found  to  drift  aith  the  wind  :  they  all  drift  witli  the  current,  ^^^| 
nearly  at  right  angles  to  the  wind.  ^^| 

*  "  Wo  Imvc,  porhnps,  been  more  iHfniae  en  the  nalject  of  ooeanio  oan4^^| 
tliun  Uiu  uulun  of  Ihii  srtiplo  amy  seom  to  jiutiff :  but  Mme  such  d«l^^| 
teenied  apcMwiry  to  viiidU'nlo  to  the  winds  thvir  euprcmocj  io  the  prodnetl^^l 
af  currcntii,  wittiaut  iiolling  in  tlje  feeble  nnd  ineflbutiTe  aid  iJ  healed  n^^H 
ur  tlic  (till  mors  insignit1c»Dt  influifiii^e  ot  itiaMt  svcretion,  which  biB  I^^H 
pmuol  into  the  Bcrvioo  as  a  cuose  of  bnnfanc)'  in  the  r^uns  oorained  hj  dj^^f 
JlM]BittlMt4"_-Ait.  05,  FI17&  Ouographf ,  Gnc^  fiiib  ^^H 
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82.  Hie  Ikmi/aecio  carreia. —That  the  wiods  do  make  currenta 
in  the  sea  no  one  will  have  the  hardihood  to  deny:  bTit  currente 
that  are  born  of  the  windfl  are  aa  unstable  as  the  winds ;  un- 
certain as  to  time,  pUce,  iind  direction,  they  are  Kporadia  and 
ephemeral ;  they  are  not  the  constant  ciiiTenta  such  as  have  been 
already  eiiuine rated.  Admiral  ymyth,  in  his  valuable  memoir  on 
the  Mediten'aoean  (p.  102),  meritiims  that  a  continnanee  in  the 
Sea  of  TuHctiny  of  "  yun'y  ^aiej  "  from  the  eonth-west  has  been 
kaovm  to  raise  its  eurfaoe  no  less  than  twelve  feet  above  ita 
ordinary  level.  This,  he  says,  ocoasions  a  strong  fiui&ce  drift 
thiDtigh  the  Strait  of  Bonifaocio.  But  in  this  we  have  nothing 
like  the  Gulf  Stream ;  no  deep  and  narrow  channel-way  to 
conduct  these  waters  off  like  a  miniature  river  even  in  that  sea, 
but  a  mere  snrface  flow,  such  as  nsually  follows  the  piling  up  of 
■water  in  any  pond  or  gulf  above  the  ordinary  level.  The  Boni- 
faccio  current  dues  not  flow  like  a  "river  in  the  sea"  across  the 
Slediterranean.  but  it  spreads  ilbelf  out  as  soon  as  it  passee  the 
Straits,  and.  like  a  circle  on  the  water,  loses  itself  by  broad 
spreading  as  soon  as  it  findij  sea-room.  As  soon  as  the  force  that 
begets  it  expends  itself,  the  current  is  done. 

83.  Tturbfdtif  the  Qvlf  Stream  an  oicmdin.;  piano.— Supposing 
with  Franklin,  and  those  of  his  school,  that  the   pressure  of 

.  Oie  waters  that  are  fureed  into  the  Caribbean  Sea  by  the  trad&- 
i  the  »ol«  cause  of  the  Gulf  Stream,  that  sea  and  the 
xican  Gulf  should  have  a  much  higher  level  than  the 
Accordingly,  tho  advocates  of  this  theory  require  for 
b  BUpport  "  a  great  d^reo  of  elevatirin."  Major  lEcnnell  likens 
a  stream  to  "an  immense  river  descending  from  a  higher  level 
a  plain."  Now  we  know  very  nearly  the  average  breadth 
i  velocity  of  the  Gulf  Stream  in  the  Florida  Pass.  We  also 
know,  with  a  like  degree  of  appro limation,  the  velocity  and 
breadth  of  the  same  waters  off  Cape  Hatleras,  Their  breadth 
bure  is  about  seventy-five  miles  againiit  tldrty-two  in  the 
"  Narrows  "  of  the  Straits,  and  their  mean  velocity  is  three  knots 
off  Hatleras  against  four  in  the  "Narrows."  This  being  the 
case,  it  is  easy  to  show  that  the  depth  of  tho  Gulf  Stream  off 
Hatl^-tas  is  not  so  gicat  ss  it  is  in  the  "  Narrows  "  of  Bernini  by 
nearly  50  per  cent.,  and  that,  conseqnently,  instead  afdetamdtng, 
ita  bed  represent  the  surface  of  an  inclined  plane— inclined 
.^^oanieardt  from  the  north  towards  the  south — up  which  plane  the 
^^BWei  depths  of  tho  stream  mimt  ascend.      If  we  assume  il^  depth 
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off  Bernini*  to  be  two  liuadred  ikthoiuB,  which  are  tlioiigbt  to  !» 
within  limits,  the  above  ratea  of  breudtb  and  vulouitv  will  give 
one  hundred  and  fourteen  fathome  for  JU  depth  oR'  Tfaitora& 
The  watcvH  tlierefore,  which  in  the  Struit*  aru  below  U.e  level  ot 
till!  Rtttteras  depth,  go  fiii  from  drtcendiito,  are  actually  forced  Vf 
na  inclined  plane,  whoue  submarine  ascent  ia  not  lefis  iban  Ira 
iuchea  tu  the  mile. 

84,  T!ie  Niof/ara. — The  Kiagara  is  an  "  iminense  river  dosotiod- 
ing  into  a  pintn."  But  instead  of  preserving  its  cbaractor  in 
Lake  Onlariu  as  a  dietinut  and  well-defined  stream  for  hovotsI 
htmdred  mileti,  it  EpruadB  itself  out,  and  its  watotii  are  imm«- 
diately  lost  in  those  of  the  lake.  Why  «lionld  not  lUe  Gnlf 
Stream  do  the  same?  it  gradually  entrir^s  itself,  it  ia  Ij-ne ;  but, 
instead  ol'  mingling  with  the  ocean  by  broad  npreuding,  as  Ui« 
"  immense  rirera"  descending  into  the  noilheiTi  lakes  tlo,  its 
waters,  like  a  atreaTu  of  oil  in  the  ocean,  pieserve  a  distinotivo 
oharaoler  for  more  than  three  thousand  miles. 

86.  A  eurrenl  eotmler  to  Oig  Gulf  Stream. — Moreover,  while  the 
Gulf  tStream  is  running  to  the  north  from  its  supposed  elevated 
level  at  the  souih.  ihui-e  is  a  cold  curreut  coming  down  from  thfi 
north  :  meeting  the  warm  waters  of  the  Gulf  midway  the  ocean, 
it  divides  itself,  and  runs  by  the  side  of  them  right  bui'k  into 
those  vevj*  reoervoira  at  the  south,  to  which  theoiy  givea  au 
elevation  snfSoient  to  send  out  entirely  across  the  Atlantic  a  j«t 
of  warm  water  said  (§  75)  to  be  more  than  three  thousand  timea 
greater  in  volume  than  the  Mississippi  River.  This  current  Irom 
Baffin's  Bay  has  not  only  no  trftde-winds  to  give  it  a  head,  but  tliA 
pi'evailing  winds  are  unfavourable  to  it,  and  for  a  great  part  of 
the  way  it  is  below  the  surface,  and  far  bnyond  the  propelling 
reach  of  any  wind.  And  there  is  every  reason  to  believe  that  this, 
with  other  polar  currents,  is  quite  equal  in  volume  to  the  Gulf 
Bti-eam.  Are  tliey  not  the  efi'eet^  of  like  causes  ?  If  so,  what  | 
have  the  trade-winds  U>  do  with  the  one  more  tlinu  lhe  other? 

6l>.  Botlla  chart. — It  is  a  custom  oflL-n  practiced  by  sealariiig 
])0ople  to  throw  a  bottle  overboaid,  with  a  paper,  stating  the 
time  and  place  at  which  it  is  done.  lu  the  absence  of  other 
information  as  lo  currentu,  that  aflbrded  by  these  mute  little 
navigslors  is  of  gi'eat  value.     I'hey  leave  no  tracks  behind  them, 

'  Navy  nfHoera  of  tlie  United  States  Oourt  Bnrrp;  hare  aonudisl  with  tlu 
ilecp-seit  load.  Mid  oKeiliuiied  ita  depth  here  to  be  STO  bthonii 


H  is  trne,  and  tkair  roatoa  cannot  he  ai^oorlained.  But  knowing 
irhere  they  wore  caxt,  and  Eceing  where  they  are  found,  some 
idpA  mny  be  formed  as  to  their  course.  Stmigbt  lines  niiiy  at 
lenst  bo  dmwn,  ehowing  the  nhort^at  distance  fro  in  the  beginning 
Id  the  end  of  their  vuynge,  with  the  time  elapsed,  Captain 
I'c.;her,  iLN,,  has  prepared  a  chart  representing  in  this  way  iho 
'  Mclta  of  more  than  one  hundred  bottles.  Fi-om  this  chitrt  it 
'|i[jeat«  that  the  waters  fi'om  every  quarter  of  the  Atlantlo  lend 
toward  theGulf  of  Meicicoand  itsstream.  Bottles  cast  into  the  eea 
midway  between  the  Old  and  the  Now  Worlds,  near  the  coastB  of 
Europe,  Africa,  and  America,  at  the  extreme  north  or  farthest 
south,  have  been  found  either  in  the  West  Indies,  on  the  British 
Isles,  or  within  the  well-known  mnge  of  Gulf  Stream  waters. 

S7.  Their  drift. — Of  two  east  out  together  in  south  latitude  on 
the  eoBfit  of  Africa,  one  was  found  on  the  island  of  Trinidad ;  the 
other  on  Guernsey,  in  the  English  Chaunel.  la  the  absence  of 
positive  information  on  the  subject,  the  circumstantial  evidence 
ihat  the  latter  performed  the  tour  of  tbe  Gulf  is  all  but  conclu- 
sive. And  there  is  reason  to  suppose  Ihat  some  of  the  bottles  of 
the  gallant  captain's  chart  have  also  performed  the  tour  of  the  Gulf 
Stream ;  then,  without  being  cast  ashore,  have  returned  with  the 
drift  along  the  coast  of  Africa  into  the  intertropical  region; 
thence  through  the  Caribbean  Sea,  and  so  on  with  the  Gulf 
Stream  again.  (Plate  VI.)  Another  bottle,  said  to  be  thrown  over 
off  Capo  Hum  by  an  American  ahip-master  in  1837,  waa  after- 
wards picked  up  on  the  coast  of  Ireland.  An  inspection  of  the 
chart,  and  of  the  drift  of  the  other  bottles,  seema  to  force  the  con- 
clusion that  this  bottle  too  went  even  frotn  that  remote  region  to 
the  so-called  higher  level  of  the  Gulf  Stream  reservoir. 

BB.  Tlie  Sargaito  Sea. — Midway  the  Atlantic,  in  the  triangular 
I  lice  between  the  Azores,  Canaries,  and  the  Cape  de  Verd  Islands, 
I-  the  great  t^rgasRO  Sea.  (Plate  VI.)  Covering  an  area  ciiuaj 
ni  extent  to  the  Mississippi  Valley,  it  is  so  thickly  matted  over 
with  Gulf  weed  (Fuctu  nataru)  that  the  speed  of  vessels  passing 
throogh  it  is  often  much  retarded.  When  the  companions  of 
Colnmhus  saw  it,  they  thought  it  marked  the  limits  of  naviga- 
1,  Bud  became  alarmed.  To  the  eye,  at  a  little  distance,  it 
9  sohstantiol  enough  to  walk  upon.     Patches  of  the  weed 

p  generally  to  be  seen  floating  along  the  outer  edge  of  the  GnU 
The  sea-weed  alwaj-s  "  tails  to"  a  steady  or  a  constant 
o  that  it  serves  the  mariner  as  a  v>rt  of  marine  anemo- 
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meter,  telling  him  whether  the  wind  as  he  fiuds  it  h<u  been 
blowing  Tor  some  time,  or  whether  it  has  but  just  sliifled,  and 
which  way.  Columbus  fii-st  found  this  weedy  sen  un  his  voj-nge 
of  discovery  ',  there  it  has  renmned  to  this  day,  moving  up  » 
down,  and  changing  its  position,  liko  the  calms  of 
according  to  the  seasons,  the  storms,  and  the  winds. 
observations  as  to  its  limits  and  their  range,  extending  back  tt 
fifty  jiears,  assure  us  that  ita  mean  position  has  not  beeii  altend 
since  that  time.  That  the  water  which  comes  thniugh  lie 
Florida  Pass  with  the  Gulf  Sti-eam  flows  ina  circle,  going  to  the 
north  on  tho  western  side,  nnd  reluming  to  the  south  on  the«i 
eide  of  the  Atlantic— alongb in g  off  its  drift  matter  alwa^-s  to  tlie 
right,  is  shown  not  oulj^  by  the  i;arga»«o  and  its  weeds,  bnt  it  ia 
indicated  also,  by  our  "  bottle  papers,"  by  the  facts  developed  m 
Plate  VI.i  and  by  other  bonrces  of  infbrniatiou.  If,  tberef<q| 
this  bo  so,  why  give  the  endless  current  a  higher  level  in  i 
part  of  its  course  than  another? 

89.  A  bi/urtfoh'wi.^Kay,  more ;  at  the  very  season  of  the  j 
when  the  Gulf  Stream  is  rushing  in  greatest  volumo  throngh  ^ 
Straits  of  Florida,  and  Iiaetening  to  the  north  with  Uie 
rapidity,  there  is  a  cold  stream  fiom  Baffin's  Bay,  Labrador,  s 
the  coogIs  of  the  north,  nmniug  to  the  south  with  equal  velot 
^Vhere  is  tho  tiade-wind  that  gives  the  higher  level  to  B  " 
Bay,  or  thut  even  presses  upon,  or  assists  to  put  this  c 
in  motioik  ?  The  agency  of  winds  in  producii^  currents  ja  1 
deep  sea  must  be  veiy  partial.  These  two  currents  mest  j 
the  Grand  Banks,  where  the  tatter  is  divided.  One  port  < 
underruns  tho  Gulf  Stream,  as  b  shown  by  the  icebergs  whj 
are  carried  in  a  direction  tending  across  its  coui'so.  Thft  p 
bttbility  is,  that  this  "  fork"  flows  on  towards  the  southi,  i 
roBB  into  the  Caribbean  Sea,  for  the  temperature  of  the  watar]i 
a  little  depth  there  has  been  found  far  below  the  mean  tempi 
ture  of  the  earth's  crust,  and  quite  as  cold  as  at  a  corresponc 
depth  off  the  Arclio  ahorcs  of  Spitzliergen. 

90.  WiruU  exeriJiMe  but  Utile  influence  tipftn  conilanl  e 
Mors  water  cannot  run  from  the  equator  or  the  pole  than  to  ] 
If  we  make  the  trude-wiuds  to  cause  the  Gulf  Stream,  we  o 
to  have  some    other  wind  to  produce  the  I'ohir  flow ;  hut  ti 
currents,  for  tho  most  part,  and  fur  great  distances,  are  «  ' 
and  therefore  beyond  the  influence  of  winds.  Hence  it  ehouldfl 

I  iMattfMtNMibhave  little  to  do  with  the  general  system  of  ai 
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ciiculation  in  the  oocan.  The  otlier  "fork"  mna  between  onr 
shoves  and  the  Gulf  Streaai  to  the  south,  as  ftlreody  deBoribed. 
As  far  as  it  has  b^en  traced,  it  warrants  the  belief  that  it,  too, 
rims  up  to  eeok  the  so-called  higher  level  of  the  Mejiicui  Gulf. 

91.  Effect*  of  diurnal  roiadon  upon  lAe  Gulf  Utreain. — Tlio  power 
necessary  ta  overcome  tiie  rosifatunoe  opposed  to  Buch  a  body  of 
water  aa  that  of  the  Gulf  Streaiu,  ruiming  several  tbouBOud  miles 
without  any  reneivRj  of  impulse  from  the  forces  of  gravilAliuQ  w 
utiy  i}|her  known  ciiuae,  ia  truly  surprising.  It  so  happens  that 
we  huve  an  ai^imcnt  fur  determining,  with  coiuider&ble  ao- 
fiirucy,  the  resiHtauce  which  the  waterB  of  this  stream  meet  with 
ill  tlieir  motion  towards  the  east.  Owing  to  the  diurnal  rotation, 
th<iy  are  curried  around  with  the  i.>arth  on  its  asis  Uneards  (he 
tail,  with  au  hourly  velocity  of  one  hundred  and  fifly-BOTon* 
milcM  greater  when  they  enter  the  Atlantic  than  whtn  they 
arrive  off  the  Banks  of  Newfoundland  ;  for  in  conBequence  of  tho 
dttTeronce  of  latitude  between  tho  parallels  of  these  two  plaoea, 
their  rate  of  motiun  arotmd  the  aiis  of  the  earth  is  reduced'  from 
nine  hundred  and  fifteen^  to  seven  hundred  and  fifty-eight  miles 
tlie  honr.  Hence  this  immense  volume  of  water  would,  if  wo 
suppose  it  to  pass  from  the  Bahamas  to  the  Grand  Banka  in  au 
honr,  meet  with  au  opposing  force  in  the  shape  of  resistance 
aiifficient,  in  the  aggregate,  to  retard  it  two  miles  and  a  half  the 
minute  in  its  eostwardly  rate.  If  the  actual  reeu&tance  be 
ca]calat«d  according  to  received  laws,  it  will  be  found  equal  (o 
wvoral  atmospheres.  And  by  analogy,  how  inadequate  must  the 
of  the  gentle  trade-winds  be  to  such  resistance,  and  tu 

effect  assigned  them  ! 

The  Gvlf  Stream  cannot  he  aeeoaiO&l  for  fcy  a  higher  level — 

lerefore,  in  the  proposed  inquiry,  wo  aeai'ch  for  a  propelling 
jH>wcr  nowhere  but  in  the  higher  level  of  thi>  Gtilf,  or  in  tlie 
"  billiard-ball  "  rebound  fivm  its  shores,  we  niuet  admit,  in  the 
bead  of  water  there,  the  ciistence  of  a  force  capable  of  putting  in 

ion,  and  of  driving  over  a  plain  at  the  rate  of  four  miles  tho 
all  the  waters,  as  fast  as  they  can  be  brought  down  by  three 


wvors 


lU  this  otlculatioD  the  ooith  is  trenled  at  a  peifeut  sphere,  with  a  diameter 

;  to  75B.60.    Od  tlie  lutler  ^unUel  the  cunont  hag  on  east  eel  ot 
n  half  tuile  the  hour,  maldDg  the  tmo  velocitv  to  the  eoet.  and  on 
of  the  enrlh.  about  iercii  hundred  and  siil;  tuilw  an  hour  nt  the 
Onod  Buoka 


:   after   t^ 
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thoTiBand  (§  75)  euch  atreama  as  the  Mississippi  River — 
at  least  sufficient  to  overcome  tJie  resietance  reqiiireil  to  ivdiiM 
from  two  miles  and  a  half  to  a  few  feet  ^Jer  minute  the  ■velodty 
of  a  stream  that  keeps  iu  perpetual  motion  oue-fourth.  of  all  tl 
^vaters  iu  the  Aliantio  Ocean.  Not  only  eo,  we  must  admit  the 
existence  of  an  engine  in  the  Gulf  of  Mexico,  which,  beJnf 
played  upon  by  the  gentle  forcoa  of  the  trade- winda,  is  capable  rf 
sending  a  stream  of  water  from  the  shores  of  the  New  World  U 
the  shores  of  the  Old. 

9^.  Nor  bij  the  trade-wind  (fteorj/.— The  advocates  of  the  trade- 
wind  theory,  whether,  with  Franklin  (§  77).  they  make  the 
propelling  power  to  be  derived  from  a  "head  of  vxilsr"  in^ 
Gulf,  or,  with  Hermchel  (§  79),  from  the  rebound,  a  la  billiarf^ 
balls,  against  its  shores,  require  that  the  impulse  then  and  then 
communicated  to  the  waters  of  the  Giilf  Stream  should  ba 
sufficient  to  send  them  entirely  across  the  Ocean;  for  in  neither 
case  does  their  theory  provide  for  any  renewal  of  the  propelling 
power  by  the  wayside.  Can  this  be?  Can  water  f 
more  than  cannon-balls  c 
propelling  force  has  been  esponded  ? 

94.  Jttii«(ro/io».^-VV'hen  we  inject  water  into  a  pool,  be  llie 
force  never  so  great,  the  jet  is  soon  overcome,  broken  up,  and 
made  to  disappear.  In  this  illustration  the  Gulf  Stream  may  bt 
likened  to  the  jet,  and  the  Atlantic  to  the  pool.  We  rcmembe 
to  liave  observed  as  cliildren  how  soon  the  mill-tail  loses  its  oni 
rent  in  the  pool  below  ;  or  we  may  now  eoe  at  any  time,  and  a. 
a  larger  scale,  how  soon  the  Niagara,  current  and  all,  is  swallowed 
up  in  the  lake  bulow. 

iio.  Gil//  Stream  the  effect  of  some  comtattlly  operating  pouer.— 
Nothing  but  a  continually  acting  power  can  keep  currents  in  the 
sea,  any  more  than  caunon-balls  in  the  air  or  rivers  on  the  land, 
in  motion.  Bnt  for  the  forces  of  gravitation  the  waters  of  the 
SItsaissippi  would  remain  at  its  fountain,  and  but  for  differaut 
of  specific  gravity  the  waters  of  the  Gulf  Stream  would  remain 
in  tile  caldron,  as  the  intertropical  parts  of  the  Atlantic  Ocean 
may  be  called. 

DC.  The  prodarlion  of  carreTifa  wilhottt  teind. — For  the  sake  of 
further  illustration,  let  us  suppose  a  globe  of  the  earth's  aize, 
and  with  a  solid  nucleus,  to  be  covered  all  over  with  water  two 
hundred  fathoms  deep,  and  that  eveiy  eonrce  of  heat  and  a 
of  radiation  be  removed,  ao  that  its  fluid  tempenituM  t 
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oonxtaut  and  nniforni  thronghout.  On  each  a  globe,  tho  oquili- 
brinm  iBmamiug  imilktiirbed,  there  would  be  scitber  wind  nor 
onrrent.  Let  ufi  now  suppose  that  all  the  water  within  the 
tropics,  to  tbo  depth  of  one  hundred  fathoms,  sudden!;  becomes 
oU.  The  aqueous  equilibrium  of  the  planet  would  thereby  be 
disturbed,  and  a  geoeral  system  of  currents  and  counter-currents 
would  bo  immedifttely  commenced — the  oil,  in  an  unbroken 
sheet  on  the  surface,  running  towards  the  polee,  and  the  water, 
in  an  uoder-cuneot,  towards  the  equator.  The  oil  is  supposed, 
as  it  reaches  the  polar  basin,  to  be  reconverted  into  water,  and 
the  water  to  become  oil  as  it  orosses  Cancer  and  Capricom, 
rising  to  tho  surface  in  the  intertropical  regiooB.  and  returning 
aa  before.  Thus,  mlhoui  teiad,  we  shoidd  have  a  perpetual  and 
uniform  system  of  tropical  and  polar  currents ;  though  mthout 
leimd,  Sir  John  Herschel  maintains,*  we  should  have  no  "  con- 
siderable currents  "  whatever  in  the  sea.  In  consequence  of 
the  diurnal  rotation  of  tho  planet  on  ita  axis,  each  particle  of 
oil,  were  resistance  small,  would  approach  the  poles  on  a  spiral 
turning  to  the  east  with  a  relative  velocity  greater  and  greater, 
until,  finally,  it  would  reach  the  pole,  and  whirl  about  it  at  the 
mto  of  nearly  a  thousand  miles  the  hour.  Becoming  water  and 
losing  its  velocity,  it  would  approach  the  tropics  by  a  similar, 
but  reversed  spiral,  taming  towards  the  west.  Owing  to  the 
principle  here  alluded  to,  all  currents  from  the  equator  to  the 
pules  should  have  an  eastward  tendency,  and  all  ti^im  the  poles 
tiiwatda  the  equator  a  westward.  Let  us  now  suppose  the  solid 
nucleus  of  this  hypothetical  globe  to  assume  the  exact  form  and 
shape  of  the  bottom  of  our  seas,  and  in  all  respeots,  as  to  figure 
and  size,  to  represent  the  shoals  and  ielands  of  the  sea,  as  well 
B8  tlte  ODBSt  lines  and  continents  of  the  earth.  The  uniform 
system  of  currents  just  described  would  now  be  interrupted  by 
obstriictionij  and  local  causes  of  vorions  kinds,  such  as  unequal 
depth  of  water,  contour  of  shore  lines,  &c. ;  and  wo  should  have 
at  certain  places  currents  greater  in  volume  and  velocity  than 
at  others.  But  still  there  would  be  a  system  of  currents  and 
conntor-currents  to  and  from  either  pole  and  the  equator.  Now, 
do  not  the  cold  waters  of  the  north,  and  the  warm  waters  of  the 
gulf,  made  specifically  lighter  by  tropical  heat,  and  which  wo 

"  -If  Oiem  w«e  no  Btroospliere,  there  would  to  no  Gulf  Strpam  or  any 
-thcr  oonsidemMe  orauiic  current  (lu  dktingulBhcit  fiotn  a  men  lorftice  (Irlti; 
hitoTet^"— An.  ST.  Flqvioal  OeogiHiby.  Mt  t&.  Eucyokip.  Btit 
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see  actnally  preserving  euch  a  aystem  of  coucter-curreutB, 
at  least  in  some  degree,  the  relation  of  the  supposed  water  i 
oil? 

97.  Warm  aorenU  fiow  toiMrds  the  pole,  edd  loteardt  iJte  a 
— In  obedionoe  to  the  laws  here  hinted  at,  there  ia  a  oo 
tendeuoy  (Plato  IX.)  of  polar  waters  towards  the  tropics 
tropical  wafers  towards  the  poles.   Captain  Wilkes,  of  tba  Uni 
tjtatea'  Exploring  Expedition,  oroBsed  one  of  these  hyperborean 
nnder-currents  two  hundred  miles  in  breadth  at  tbe  eqnator. 

98.  Edges  of  the  (hdf  Stream  a  striking  feaiare.—^o  featnie  of 
tie  Gulf  Stream  excites  remark  among  seamen  more  frequently 
than  the  sharpness  of  its  edges,  particularly  along  its  inner 
borders.  There,  it  is  a  streak  on  the  water.  As  high  up  ns  the 
Carolinsa  this  streak  may  bo  seen,  like  a  greenish  edging  to  a 
blue  boider^the  bright  indigo  of  the  tropical  contrasting  finely 
(§  TO)  with  the  dirty  green  of  the  littoral  watei-s.  It  is  this 
apparent  reluctance  of  the  warm  waters  of  the  stream  to  mix 
with  the  cool  of  the  ocean  that  excilcH  wonder  and  calls  forth 
remark.  But  liave  we  not,  so  to  speak,  a  similar  reluotanoo 
manifested  by  all  fluids,  only  upon  a  smaller  scale,  or  under  cii^ 
cumstances  less  calculated  to  attract  attention  or  excite  remuik? 

89.  lUiutrationa. — The  water,  hot  and  cold,  aa  it  ia  let  inio  the 
tnb  for  a  warm  bath,  generally  aiTangea  itself  in  layers  or 
sections,  aooording  to  temperature ;  it  reqiiirea  violent  stirring 
to  break  them  up,  mix,  and  bring  the  whole  to  an  even  tcmpa- 
mture,  Tho  jot  of  air  from  the  blow-pipe,  or  of  gas  (roni  tlie 
burner,  presents  the  phenomenon  slill  more  familiarly  ;  hero  W[e 
have,  as  with  the  Gulf  Stream,  the  dividing  line  between  fluids 
in  motion  and  fluids  at  rest  finely  presented.  I'here  is  a  like 
reluctance  for  mixing  between  streams  of  clear  and  muddy  water. 
This  is  very  marked  between  the  red  waters  of  the  Missouri  aqd 
the  inky  waters  of  the  upper  Mississippi ;  here  the  wateia  of  ei 
may  be  distinguished  for  the  distance  of  several  miles  after  t] 
two  rivers  come  together.  It  requires  force  to  inject,  as  it  « 
tho  particles  of  one  of  these  waters  among  those  of  the  otlier,  j 
mera  via  inertia  tends  to  maintain  in  their  »talu  quo  fluids  t 
have  already  arranged  themselves  in  layers,  streaks,  or  i 
gat  ions. 

:00.  ffnw  the  iBOtci-  of  Ihe  6idf  Stream  differg  from  the  , 
uaterg. — In  the  ocean  wo  have  the  continual  heaving  of  t 
and  agitation  of  the  intTes  to  overcome  this  via  inertia;  i 
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marvel  is,  that  they  in  their  violence  do  not,  by  mingling  llio 
Gull'  und  littoral  wateiii  together  (S  TO),  sooner  break  up  and 
I.I  ill  iterate  all  marks  of  a  division  between  them.  But  the  wnters 
'  i  the  Gntf  Struam  differ  from  the  insbore  waters  not  ouljr  in 
■  lour,  trunspareney,  and  temperature,  but  in  specific  gravity, 
m  saltness  (§  102),  and  in  other  properties,  1  conjecture,  lUso. 
Therefore  they  may  have  a  pooalior  visoosity,  or  unleculsr 
arrangemont  of  their  own,  which  further  tends  to  provont 
mixture,  and  so  preserve  their  line  of  dcmarkation. 

101.  Action  on  copper. — Observations  made  for  the  purpose  in 
the  navy  show  that  ships  cruising  in  the  West  Indies  suffer  in 
their  copper  sheathing  more  than  they  do  in  any  other  seas. 
This  would  indicate  that  the  watei's  of  the  Caribbean  Sea  and 
Gulf  of  Mexico,  fiom  which  the  Golf  Stream  is  fed,  have  some 
Tieculiar  property  or  other  which  makes  them  bo  destruotive 
npon  the  copper  of  cruiaers. 

102.  SoUnea*  of  the  Gvlf  Stream.— Tho  story  told  by  the  copper 
and  the  blue  colour  (S  71)  indicates  a  higher  point  of  saturation 
with  salts  than  sea-water  generally  has;  and  the  salometer 
confirms  it.  Dr.  Thomasay,  a  French  tavant,  who  has  been  ex- 
tensively engaged  in  the  manu&cture  of  salt  by  solar  evaporation, 
'nforms  me  that  on  his  passage  to  the  United  States  he  tried  the 
aaltness  of  the  water  with  a  mont  delicate  instmrnent :  he  found 
It  in  the  Bay  of  Biscay  to  contain  3{  per  cent,  of  salt;  in  tlie 
trade-wind  region  4^V  P^''  cent. :  and  in  the  Gnlf  Stream,  off 
(.'hnrleston,  4  per  cent.,  notwithstAnding  the  Amazon  and  the 
Mississippi,  with  all  tlie  intermediate  rivers,  and  the  clouds  of  the 
West  Indies,  had  lent  their  fresh  water  to  dilute  tlie  saltness  of 
this  basin. 

103.  Agertte  eoneemed. — Now  the  question  may  he  usked. 
What  «liuuld  make  the  waters  of  the  Mexican  Gulf  and  Caribbean 
Sea  Salter  than  the  waters  in  those  parta  of  the  ocean  through 
vhich  the  Gulf  Stream  flows  ?  There  are  physical  agents  that 
are  known  to  be  at  work  in  different  parts  of  the  ocean,  the 
tendency  of  which  is  to  make  the  waters  in  one  part  of  the  ocean 
Salter  and  heavier,  and  in  another  part  lighter  and  less  salt  than 
the  average  of  sea-water.  These  agents  are  those  employed  by 
sea-shells  in  secreting  solid  matter  for  their  structures ;  they  are 
also  heat*  and  radiation,  evaporation  and  precipitation.       In  the 

t  According  to  Dr.  Harcet,  gea-wiiter  contracta  down  to  2S°;  my  own  to 
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trade-wind  regions  at  sea  (I'late  VIII,).  evapomtion  is  geaonilj 
in  escess  of  precipitation,  while  ia  the  extra-tropical  regiona  the 
reverse  ia  the  case ;  that  is,  the  clouda  let  down  more  water 
there  than  the  winds  take  up  again;  and  these  are  the  regions 
in  which  the  Gulf  Stream  eat«rs  the  Atlantic,  Along  the  aboru 
of  India,  where  observationa  have  been  made,  the  evaporation 
from  the  sea  is  said  to  amount  to  thi-ee- fourths  of  an  inch  dail;. 
SappoBe  it  in  the  trade-wind  region  of  the  Atlantic  to  amount  te 
only  half  an  inch,  that  would  give  an  annual  evaporaUon  of 
fifteen  feet.  In  the  process  of  evaporation  from  the  sea,  fresh 
water  only  is  taken  up;  the  salts  are  left  behind.  Now  a  lnyer 
of  sea-water  fifteen  feet  deep,  and  as  broad  as  the  trade-wind 
belts  of  the  Atlantic,  and  reaching  acrosH  the  ocean,  contains  on 
immense  amount  of  salts.  The  great  equatorial  current  (Fl&ta 
VI.)  which  often  sweeps  fixim  the  xhores  of  Africa  acrosa  tba 
Atlantic  into  the  Caribbean  Sea  is  a  surface  current ;  and  m^ 
it  not  bear  into  that  sea  a  large  portion  of  those  waters  that  have 
satisfied  the  thirsty  trade- winds  with  saltless  vapour?  If  so-^ 
and  it  probably  does — have  we  not  detected  here  the  footprints 
of  an  agent  that  does  tend  to  make  the  waters  of  the  Caribbean 
Sea  Salter,  and  therefore  heavier,  than  the  average  of  sea-water 
at  a  given  temperature  ? 

104.  Evaporaliim  and  preapitation. — It  is  immaterial,  bo  far  as 
the  correctness  of  the  principle  upon  which  this  reasoning 
depends  is  conoemed,  whether  the  annual  evaporation  from  the 
trade-wind  regions  of  the  Atlantic  be  fifteen,  ten,  or  five  feet 
The  layer  of  water,  whatever  be  its  thickness,  that  is  evaporatiad 
from  this  part  of  the  ocean,  is  not  all  poured  back  by  the  clouds 
upon  the  same  spot  whence  it  came.  But  they  take  and  pour  it 
down  in  showers  upon  the  extra-tropical  regions  of  the  earth — 
on  the  land  as  well  as  in  the  sea — and  on  the  land  more  water  is 
let  down  than  is  taken  up  into  the  clouds  again.  The  rest  sinJte 
down  through  the  soil  to  feed  the  springs,  and  returns  throogb 
the  rivers  to  the  sea.  SuppoMe  the  escess  of  precipitation  ia 
these  extra-tropical  regions  of  the  sea  to  amount  to  but  tweWs 
inches,  or  even  to  but  two — it  is  twelve  inches  or  two  inches,  as 
the  case  may  be,  of  fresh  water  added  to  the  sea  in  those  part^ 
nnd  which  therefore  tends  to  lessen  the  specific  gravity  (ifsoa-wator 
there  to  that  extent,  and  to  produce  a  double  dynamical  effect,  for 
tlie  simple  reason  that  wliat  is  taken  from  one  scale,  by  being  put 
into  the  other,  doubles  the  difference. 
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J05.  CtirrenI  into  the  Carihhean  Sua. — Now  that  we  may  Ifrra 
Boiue  iden  a»  tu  the  iiiflnence  which  the  salts  left  by  the  Tupoar 
that  the  tradc-winik,  north-eaEl  and  south-east,  lake  tip  from  sea- 
water,  IE  calculated  to  exert  in  creating  currents,  let  us  make  a 
pai-tial  calculation  to  show  how  much  salt  thie  vapour  held  in 
Nulution  before  it  was  taken  up,  and,  of  couree,  while  it  was  yet 
in  the  state  of  Bea-water.  The  north-east  trade-wind  regions  of 
thi.<  Atlantic  embrace  an  area  of  at  least  three  million  square 
miles,  and  the  yearly  evaporation  from  it  is  (S  lOK),  we  will 
suppose,  fifteen  feeL  The  salt  that  is  cootained  in  a  mass  of  sea- 
water  covering  to  the  depth  of  fifteen  feet  an  area  of  three 
million  square  miles  in  superficial  extent,  would  be  BufBcicnt  to 
cover  the  Britisb  inlands  to  the  depth  of  fourteen  feet.  As  this 
water  supplies  tho  trade-winds  with  vapour,  it  Iherefure  becomes 
sailor,  and  as  it  becomes  sailer,  it  becomes  heavier;  and  tkere/ore 
we  may  infer  that  tho  fuicea  of  aggregation  among  its  particles 
are  incrcaHSil. 

lOG,  Aiauvnt  of  »alt  Iff!  ty  evaporation. — Whatever  be  the  oatlBO 

that  enables  these  trade-wind  watei's  to  remain  on  the  surface. 

whether  it  be  from  the  fact  just  stated,  and  in  consequence  of 

fiich  the  waters  of  the  Gulf  Stream  are  held  together  in  their 

mel  i  or  whether  it  he  from  the^act  that  the  expansion  firom 

i  beat  of  tbe  torrid  zone  is  suflicient  to  compensate  for  this 
I  saltnesB ;  or  whether  it  be  from  the  lew  temperature 

i  high  saturation  of  the  submarine  waters  of  the  intertropical 
''•  ocean ;  or  whether  it  be  owing  to  all  of  these  influences  together 
that  theao  waters  are  kept  (m  the  surface,  suffice  it  to  suj-,  we  do 
know  that  ihey  go  into  the  Caribbean  Sea  (§  103)  as  a  surface 
current.  On  their  passage  to  and  through  it,  they  intermingle 
with  the  fresh  waters  that  are  emptied  into  the  sea  from  the 
Amazon,  the  Orinoco,  and  the  Mississippi,  and  from  the  clouds, 
and  the  rivera  of  the  coasts  round  about.  An  immense  volume 
r>f  fresh  water  is  supplied  from  these  sources.  It  tends  to  make 
tho  sea-water,  that  the  trade-winds  have  been  playing  upon  and 
driving  along,  loss  briny,  warmer,  and  lighter:  for  the  waters  of 
ibese  largo  iutertropical  streams  are  warmer  than  sea-water. 
This  admixture  of  fresh  water  still  leaves  the  Gulf  Stream  a 
brine  stronger  than  that  of  the  exlratropiual  sea  generally,  but 
not  qttitA  so  strong  (§  102)  as  that  of  the  trade-wind  regions. 

fcl07.  Current*  oreal«d  hy  tUirmi. — The  dynaiuita  of  the  sea  oon- 
B  tbe  power  of  the  winds  in  those  tremendous  currents  which 
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Ktorms  are  siimetimca  kaowa  to  create  ;  and  timt  even  the  geotis 
ti'ade-wiudH  may  Lave  Infiiienco  and  effect  upon  the  currents  of 
tbe  sea  has  not  been  denied  (S  S-)-  But  the  effect  of  raodeiatft 
winda,  as  tlie  trades  are,  is  ti>  cauee  nbnt  niaj  bo  called  iho 
drift  of  the  Bea  ratber  fban  a  curtent.  Drift  is  confined  ta  sur- 
face waters,  and  tbe  trade-wiiida  of  Hie  Atlantic  may  aatitt  in 
creating  tbe  Gulf  Stream  by  drifting  the  waters  which  haw 
supplied  them  with  vapour  towards  the  Caribbean  Sea.  But 
admit  never  so  much  of  the  water  whicli  the  tnide-\vind8  b&v« 
played  npon  to  be  drifted  into  the  Caribbean  Sea,  what  uhould 
malce  it  flow  thence  with  tbe  Gulf  Stream  to  the  shoree  of 
Europe  ?  It  is  because  there  is  room  for  it  there ;  and  there  is 
room  for  it  because  of  the  difference  in  tbe  specific  gravity  of 
sea-water  in  an  intertropical  sea  on  one  aide,  as  coraparwl  vrilh 
the  speciGo  gravity  of  water  in  northern  Gcas  and  frozen  oouans 
on  the  other. 

108.  The  dgnamiad  force  thai  calls  forth  tiw  Gulf  Stream  to  h« 
found  in  the  difference  tu  tn  specific  gravity  of  inttrtrojneal  and  j/olttr 
mUen. — The  dynamical  forces  which  are  eipreesi'd  by  tbe  Gulf 
Stream  may  with  as  much  propriety  be  said  to  reside  in  those 
northern  waters  as  in  tbe  Wcet  India  seas ;  for  on  one  aide  we 
have  the  Caribbean  Sea.  and  Gulf  of  Mexico,  with  their  waters 
of  brino ;  on  the  other,  the  Great  I'olar  ba^in.  the  Baltic,  and  Uio 
North  Sea,  the  two  latter  with  waters  that  are  but  little  more 
than  brackish.*  In  one  set  of  these  sea-basins  tbe  water  is 
heavy;  in  the  other  it  is  light.  Between  them  tbe  ocean  inter- 
venes; but  water  is  bound  to  seek  its  equilibrium  as  its  level! 
and  here,  therefore,  we  unmask  one  of  tbe  agents  concorned  in 
causing  the  Gulf  Stream.  What  is  tbe  power  of  this  agent — la  it 
greater  than  that  of  other  agents,  and  how  much?  We  caimot 
say  how  much :  we  only  know  it  is  one  of  tbe  chief  agents  coiw 
cemud.  Moreover,  speculate  as  wo  may  as  to  all  the  agencies 
(-■oncomcd  in  collecting  these  waters,  that  have  supplitd  tbo 
trado-wiuds  with  vapour,  into  the  Caribbean  Bea,  and  then  in 
driving  them  across  the  Atlantic— wo  are  forced  to  conclude  tluit 

*  The  Polar  boaiu  litu  n  tnown  water  mm  of  3.000,000  eqiwrp  mllfla.  and  an 
aDexpInrnd  arcii,lncluiUDg  landandnatcr.of  li.lOO.OOO  B[]unre  milcb  Whelliet 
tlie  WBter  in  tills  huin  be  more  or  lets  salt  than  tlint  ut  tho  intettrupical  tM^ 
wa  knnw  it  is  i|ulte  ditfvrcnC  in  temperature,  and  diS'eruncC  of  tempemtute  will 
b^el  mrrents  quilo  as  readily  m  diflcreace  in  soltneeB.  for  ctiiDge  ia  apeoifli 
t»vily  followj  nilliei. 


the  Bait  whidi  tLe  trade-wind  vnpoar  leaves  behind  in  the  tropice 
lifts  to  he  conveyed  away  from  1lie  trade-wind  region,  to  be  mised 
i:p  again  in  dwe  proportion  with  the  other  water  of  the  sea — the 
lialtia  8ea  and  the  Arctic  Ocean  included — and  that  these  an> 
some  of  the  waters,  at  least,  which  wo  see  running  off  ihiough 
the  tinlf  Slream.  To  canvey  them  away  is  doubtless  one  of  the 
offices  which,  in  the  eounomy  of  the  ocean,  has  been  assigned  to 
it.  But  as  for  tbe  seat  of  the  forces  'which  put  and  lieup  the 
Gulf  Stream  in  motion,  theorists  may  place  them  exchieivtig  fax 
one  side  of  the  ocean  with  as  much  philosophical  propriety  as  on 
tbe  other.  Its  waters  find  their  way  into  the  North  Sea  and  the 
Arctio  Ocean  by  virtue  of  their  specific  gravity,  while  water 
thence,  to  take  their  place,  is,  by  virtue  of  its  speoifio  gravity 
and  by  counter  currents,  oanied  back  into  the  Gulf.  Ths 
dynamical  force  which  causes  the  Gulf  Stream  may  therefore  b« 
said  to  reside  both  in  the  polar  and  in  the  intertropical  waters  at 
tbe  Atlantic. 

109.  WMer  temperahtre  of  Ae  Gulf  Stream. — As  to  the  tempe- 
rature of  the  Gulf  Stream,  there  is,  in  a  winter's  day,  off  Hatteras. 
and  even  as  high  np  as  the  Grand  Banks  of  Kewfonndliind  in 
mid-ocean,  a  difference  between  its  walera  and  those  of  the 
ocean  near  by  of  20°  and  even  30°.  Water,  we  know,  expands 
by  heat,  and  here  the  difference  of  temperature  may  more  than 
compensate  for  tbe  difference  in  BsJtnese,  and  leave,  therefore, 
the  waters  of  the  Gulf  Stream,  thongh  Salter,  yet  lighter  by 
reason  of  their  warmth. 

110.  Top  of  6vlf  Stream  Toof-ahaped.—\i  they  be  lighter,  they 
should  therefore  occupy  a  higher  level  than  those  through  which 
they  flow.  Assuming  the  depth  off  Hatterus  lo  be  one  hundred 
and  fourteen  fathoms,  and  allowing  the  usual  rates  of  expansion 
for  sea-water,  figures  show  that  the  middle  or  aitis  of  the  Gulf 
Stream  there  should  be  nearly  two  feet  higher  than  the  con- 
tiguous waters  of  the  Atlantic.  Hence  the  surface  of  the  stream 
should  present  a  double  inclined  plane,  from  -which  the  water 
would  bo  running  down  on  either  side  as  from  the  roof  of  a 
house.  As  this  nins  off  at  the  top,  the  same  weight  of  colder 
water  runs  in  at  the  bottom,  and  so  raises  up  the  cold-water  bed 
of  the  Gulf  Stream,  and  causes  it  to  become  sliallower  and 
shallower  as  it  goes  north.     That  tbe  Gulf  Stream  is  therefore 

If-shapcd,  causing  the  waters  on  its  snrface  to0owoff  to  either 
J  from  the  middle,  we  huvc  not  only  oircumstonlial  evidence 
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to  show,  but  observations  to  prove.     Navigators,  while  driftii^^ 
along  with  the  Gulf  Stream,  have  lowered  a  boat  to  try  the 
Burfaoe  current.     In  snch  cases,  the  boat  would  drift  cither  to 
the  east  or  to  the  west,  as  it  happened  to  bo  on  one  side  or  t] 
other  of  the  asis  of  the  stream,  while  the  vessel  herself  i 
drift  along  with  the  stream  in  the  direction  ~-:  itti  coarse : 
whowing  the  existence  of  a  shallow  roof-current  from  the  n 
towards  either  edge,  which   would  carry  the  boat  along,  1 
which,  being  superficial,  does  not  extend  deep  enough  to  a~ 
the  drift  of  the  vessel. 

111.  Drift  malter  tloughed  off  to  the  WffU.— That  such  Is  the  ci 
(S  110)  is  also  indicated  by  the  circumstaiice  that  the  sea-weed 
and  drift-wood  which  are  found  in  euoL  lai^  quantities  along 
tho  ouIot  edge  of  the  Gulf  Stream,  are  rarely,  even  with  the 
prevalence  of  easterly  winds,  found  along  its  inner  edge — and 
for  the  simple  reason  that  to  croxs  the  Gulf  Stream,  and  to  pan 
over  from  that  side  to  this,  they  would  have  to  drift  up  as 
inclined  plane,  as  it  were;  that  is,  they  would  have  to  stem  this 
roof-curreut  until  they  reached  the  middle  of  the  stream.  We 
rarely  hear  of  plunks,  or  wreicks,  or  of  any  floating  substance 
which  is  cast  into  the  sea  on  the  other  side  of  the  Gulf  Stream 
being  found  along  the  coast  of  the  United  States.  Drift-wood, 
trees,  and  seeds  from  the  West  India  Islands,  are  often  cast  up 
on  the  shores  of  Europe,  but  rarely  on  the  Atlantic  shores  of  this 
country, 

112,  Why  to  sloughed  off. — We  are  treating  now  of  the  effects 
of  physical  causes.  The  question  to  which  I  aek  attention  is. 
Why  doea  the  Gulf  Stream  slough  off  and  cast  upon  ils  outer 
edge,  sea-weed,  driftrwood,  and  all  other  solid  bodies  that  uv 
found  floating  upon  it  7  One  cause  has  been  shown  to  bo  in  itx 
roof-shaped  current ;  but  there  is  another  which  tends  to  produce 
the  same  effect;  and  because  it  is  a  phyKical  agent,  it  shunld 
not,  in  a  treatise  of  this  kind,  be  overlooked,  bo  its  aotiun  never 
BO  slight.  I  allude  now  to  the  effects  produced  npon  the  drift 
matter  of  the  stream  by  the  diurnal  rotation  of  the  earth, 

[  J 13.  JHM(ro(it>».— Take,  for  illustration,  a  railroad  that  lies 

north  and  south  in  our  hemisphere.     It  is  well  known  to  engi- 
neers that  when  the  cars  are  going  north  on  such  a  road,  their 
I       tendency  is  to  run  off  on  the  east  side ;  but  wbou  tho  train  ia 
I       going  sonth,  their  tendency  is  to  run  off  on  the  west  side  of  the 
1      track — t.  e.,  always  on  the  rightrhMid  side.     Whether  the  road  b» 
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one  mile  or  one  hunilicd  miles  in  length,  the  effect  of  diurnal 
rotation  in  the  snme  ;  and,  whetber  the  road  fae  long  or  ehort,  the 
tuiidenoy  to  ran  off,  as  you  cruss  a  given  parallel  at  a  staled  rate 
i.'f  Hpeed,  is  the  same  ;  for  the  teudenoy  to  fly  off  the  track  ia  in 
projKirtioit  to  the  speed  of  the  train,  aod  not  at  all  In  propurtion 
to  the  length  of  the  road.  Now,  vie  inertice  and  velocity  being 
taken  into  the  account,  the  tendency  to  ohey  the  force  of  this 
diiiraul  rotation,  and  to  trend  to  the  right,  is  proportioDably  as 
great  in  the  case  of  a  patoh  of  sea-weed  aa  it  drifts  along  the 
Gulf  Stream,  as  it  is  in  the  rase  of  the  train  of  cars  as  they  speed 
to  the  north  along  the  iron  track  of  the  Hudson  Hiver,  or  the 
North-Western  railway,  or  any  other  railway  that  lies  nearly 
north  and  south.  'I'he  rails  restrain  the  cars  and  prevent  them 
fi'om  flying  off;  but  there  are  no  rails  to  restrain  the  sea-weed, 
and  nothing  to  prevent  the  drift  matter  of  the  Gulf  Stream  from 
going  off  in  obedience  to  this  force.  The  slightest  impulse 
tending  to  tnm  aside  bodies  moving  freely  in  water  is  imme- 
diately felt  and  implicitly  obeyed. 

1 14.  Drift-wood  on  the  MUeiitippi. — It  is  in  consequence  of  thia 
I  toimal  rotation  that  drift-wood  coming  down  the  Misgiseippi  is 
BbTory  apt  to  be  cast  upon  the  west  or  right  bank.  This  is  the 
WSltniTae  of  what  obtains  upon  the  Gulf  Stream,  for  it  flows  to  the 
l-Bortli ;  it  therefore  sloughs  off  (§  111)  to  the  east. 

115.  Effed  of  diurnal  rotation  upo». — The  effect  of  diuiual  rota- 
tion upon  the  winds  and  upon  the  cuTrent«  of  the  sea  is  admitted 
by  all — the  trade-winds  derive  their  eatting  from  it — it  must, 
tJierefore,  extend  to  all  the  matter  which  these  currents  bear 
with  tbem,  to  the  largest  iceberg  as  well  as  to  the  smallest  spire 
of  graas  that  floats  upon  the  waters,  or  the  minutest  organism 
ihiit  the  most  powerful  microscope  can  detect  among  the  im- 
guilpable  particles  of  sea-dust.  This  effect  of  diurnal  rotation 
ii[)on  di-ift  will  be  frequently  alluded  to  in  the  pages  of  this  work. 

116.  fM-itia(ioti  of  the  Qraad  Ban]u.—ia  its  course  to  the  north, 
a  Gulf  Stream  gradually  tends  more  and  more  to  the  eastward, 

1  it  arrives  off  the  Banks  of  NenToundland.  where  its  course 
uies  nearly  due  east.     These  banks,  it  has  been  thought, 

fleet  it  ^om  its  proper  course,  and  cause  it  to  take  thia  turn. 
miniiHcin  will  prove,  I  think,  that  they  are  an  effect,  certainly 

( the  cause.  It  is  here  that  the  frigid  current  already  spoken 
WS  85),  and  ite  icebei'gs  from  the  north,  are  met  and  melted  by 

\  warm  waters  of  the  Guif.     Of  course  the  loads  of  earth, 
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iitones,  and  gravel  brought  down  upon  these  bergs  are  h«»  ' 
depouted.  Captain  Scoreeby,  far  away  in  Iho  nortb,  conntcd  at 
one  time  five  bnndred  icebei^  netting  out  from  lbs  same  vicinitj 
upon  thia  cold  current  for  the  Huuth.  Many  of  them,  loadtO 
with  earth,  have  been  seen  aground  on  the  BankB.  This  procen 
of  transferring  deposits  from  the  north  for  these  shoals,  and  <d 
(mowing  down  upon  them  the  infusoria  and  the  corpsc«  of 
"living  creatures"  that  are  brought  forth  so  abimdantly  in  tha 
warm  waters  of  the  Gulf  Stream,  and  delivered  in  myriads  for 
burial  where  the  conflict  between  it  and  the  great  Polar  omreut 
{§  89)  takes  place,  is  everlastingly  going  on.  These  agencies^ 
with  time,  seem  altogether  adequate  to  the  formation  of  oxteujaTC 
bars  or  banks. 

117.  Deep  waler  near. — The  deep-sea  soundings  that  have  been 
made  by  vessels  of  the  English  and  American  navies  (I'late  XT.) 
tend  to  confirm  this  view  as  to  the  formation  of  these  Banks. 
The  greatest  contrast  in  the  bottom  of  the  Atlantic  is  just  to  the 
south  of  these  Baiiks.  Nowhere  in  the  open  sea  has  the  -water 
been  found  to  deepen  so  suddenly  an  here.  Coming  fi-om  the 
north,  the  bottom  of  the  sea  is  shelving;  but  suddenly,  after 
passing  these  Banks,  it  dips  down  by  a  precipitous  descent  to 
unknown  depths — thus  indicating  tliat  the  debris  which  forms 
the  Grand  Banks  comes  &om  the  north. 

1 18.  The  Qui/  Stream  deaerihai  in  it»  course  the  path  of  a  tra- 
jectory.— From  the  Straits  of  Bernini  the  conrse  of  the  QtUf 
Stream  (Plate  VI.)  describes  (as  far  as  it  can  be  traced  orar 
toward  the  British  Islands  which  are  in  the  midst  of  its  waten) 
the  arc  of  a  great  circle  nearly.  Such  a  course  as  the  Gntf 
Stream  takes  is  very  nearly  the  conrse  that  a  cannon-ball,  conld 
it  be  shot  fiom  these  straits  to  those  islands,  would  follow. 

119.  JUpathJrom  Bernini  to  Ireland. — If  it  were  possible  to  eee 

Ireland  from  Bemini,  and  to  get  a  cannon  that  would  reach  that 

far,  the  person  standing  on  Bemini  and  taking  aim,  intending  to 

ahoot  at  Ireland  as  a  target,  would,  if  the  earth  were  at  rest, 

sight  direct,  and  make  no  allowance  for  difference  of  motioo 

between  marksman  and  target.     lU  path  would  lie  in  the  plane 

of  a  great  circle.     But  there  is  diurnal  rotation ;  the  earth  dott 

revolve  on  its  axis ;  and  since  Bemini  is  nearer  to  the  equator 

than  Ireland  is,  the  gun  would  be  moving  in  diurnal  rotation 

(S  91)  faster  tlian  the  target,  and  therefore  the  marksm.tn.  takin^^ 

Aim  Doint  blank  at  his  target,  would  misa.    He  would  find, 
BS_!-S -^^       i*  L 


examiKatioa,  that  be  bad  shot  aoutb — that  is,  to  tbe  right  (S  103) 
of  bis  nmrk.  In  olbcr  words,  ibat  the  path  actually  dcftcribed 
bj  tbe  ball  would  be  a  roaultant  arising  from  tbis  difference  in 
tbo  rate  cf  rotatioa  and  tbe  ti-ajectile  force.  Like  a  ray  of  tigbt 
from  the  stars,  the  ball  would  be  ufiecttid  by  aberration.  Tbe 
ball  so  shot  preseuts  the  coee  of  the  passenger  in  the  milioad  car 
tbrowing  an  apple,  aa  the  train  sweeps  by,  to  a  boy  standing  by 
tbe  wayside.  If  be  tbrow  straight  at  the  boy,  he  will  miss,  for 
the  apple,  partaking  of  the  motion  of  tbe  cars,  will  go  ahoad  of 
the  boy.  and  for  the  vei^'  reason  ibat  tbe  shot  will  pass  in 
advance  of  tbe  target,  for  botb  tbe  markemau  and  the  paaiienger 
are  going  faster  than  tbe  object  at  which  they  aim. 

120.  Tendency  of  ail  currents  both  in  the  tea  and  air  to  mote  in 
great  drctes  a  phygieal  taie. — Hence  we  may  assume  it  as  a  law, 
tbat  tbe  natural  tendeiit:y  of  all  currents  in  Ibe  Bea,  like  tb« 
natnral  tenilency  of  all  projectilfes  tbrotigb  the  air,  is  to  deBcriba 
each  its  curve  of  flight  Tery  uearly  in  the  plane  of  a  great  circle. 
The  natural  tendency  of  all  matter,  when  put  in  motion,  is  to  go 
from  point  lo  point  by  the  shortest  distance,  and  it  requires  forcft 
to  overcome  tbis  tendenoy.  Light,  heat,  and  electricity,  toe 
howling  wind,  running  water,  and  all  substances,  whether  ponde- 
rable or  imponderable,  seek,  when  in  motion,  to  obey  this  law. 
Electricity  may  be  turned  aside  from  its  course,  and  so  may  tbe 
cannon-ball  or  running  water;  but  remove  every  obstruction. 
end  leave  tbe  current  or  tbe  shot  free  lo  continue  on  in  tbb 
direotirm  of  tbe  Erst  impulse,  or  to  turn  aside  of  ita  own  volition, 
so  lo  speak,  and  straight  it  will  go,  and  continue  to  go — if  OD  ft 
plane,  in  a  straight  line ;  if  about  a  sphere,  in  tbe  arc  of  a  great 
uirule — thus  showing  that  it  has  no  volition  except  to  obey 
■apulse ;  and  tbat  impulse  comes  from  the  physical  requirements 

n  it  to  take  the  shortest  way  to  Lta  point  of  destinatioD. 

,  Thia  laie  recognvied  hy  the  Gulf  Stream. — The  waters  of  tbe 

f  Strofim,  us  they  escape  from  the  Gul(  are  bound  for  the 
ptisb  Islands,  to  the  North  Sea,  and  Frozen  Ocean  (Plate  IX.). 

ordingly,  they  take  (§  118),  in  obedience  to  this  jibysioal  law, 
t  moat  direct  course  by  which  nature  will  permit  them  to 

h  their  destination.     And  this  course,  us  already  remarked, 
lisearly  [hat  of  the  groat  circle,  and  of  tbe  supposed  cannon- 

b22.  Shoais  of  yanlucket  do  nol  control  it»  ctmr»e. — Many  phil> 
ihors  have  eiprcKScd  the  opinion— indeed,  the  belief  (S  116)  is 
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ooTamon  among  mariners — that  tha  coaeta  of  the  United  Stolea 
Hndthe  Shoals  or  Nantucket  tarn  the  Gulf  Stream  tuwards  iLo 
east :  but  if  the  view  1  have  been  endeavouring  to  mnke  clear  lie 
correct,  it  would  appear  that  the  course  ctf  the  Gulf  Stream  is 
fixed  and  prescribed  by  exactly  the  eame  laws  that  require  the 
plunetfi  to  revolve  in  orbite,  the  planes  of  which  shall  pass 
through  the  centre  of  the  sun ;  and  that,  were  the  Nautncket 
ShoaU  not  in  existence,  the  course  of  the  Gulf  Stream,  in  Ihft 
main,  would  be  exactly  as  it  in  and  where  it  ia.  The  Gulf 
Stream  is  bound  over  to  the  North  Sea  and  Bay  of  Biscay  portly 
for  the  reason,  perhaps,  that  the  waters  tbore  are  lighter  thin 
those  of  the  Tilexican  Gulf;  and  if  the  Shoals  of  Nantucket  we» 
not  in  existence,  it  could  not  puraue  a  more  direct  route.  The 
Grand  Banks,  however,  are  encroaching  (§  116),  and  cold  c 
rents  from  the  north  come  down  upon  it :  tbey  may,  and  proba 
do,  assist  now  and  tben  to  tnin  it  aside. 

123,  Henekd'i  theory  not  cowigtatt  ux'rt  inoien  fn(l». — Kof^ 
this  explanation  as  to  the  caarte  of  the  Gulf  Stream  and  its  i 
ward  tendency  hold  good,  n  current  setting  from  the  ncg 
towards  the  south  should  (S  103)  have  a  westward  tendency. 
should  also  move  in  a  circle  of  trajection,  m-  such  as  would 'I 
described  by  a  trajeotile  moving  through  the  air  without  n 
anue  and  for  a  great  distance.  Accordingly,  and  is  obediei 
the  propelling  powers  derived  from  the  rate  at  which  difiei< 
parallels  are  whirled  around  in  diurnal  motion  {§  91),  * 
the  current  from  the  north,  which  meets  the  Gulf  Stream  on  11 
Grand  Banks  (Plate  IX.),  taking  a  sauth-meatimrdly  direction,! 
already  described  f§  114).  It  runs  down  to  the  tropics  byf 
side  of  the  Gulf  Stream,  and  stretches  as  far  to  the  west  as  q 
own  shores  will  allow.  Yet,  in  the  face  of  these  facts,  and  l 
spite  of  this  force,  both  Major  Rennell  and  M.  Arago  woi 
make  the  coasts  of  the  United  States  and  the  Shoals  of  Nantuo) 
to  turn  the  Gulf  Stream  towards  the  east :  and  Sir  John  How 
(S  79)  makes  the  trade-winds,  which  blow  frnm 
drive  this  stream  (o  the  eastward  ! 

1 24.  The  Channel  of  the  Gvlf  Stream  shifts  inth  Ihe  tetuon. 
there  are  other  forces  operating  upon  the  Gulf  Stream, 
are  derived  (§  80)  from  the  eQ'ect  of  changes  in  the  waters  of  d 
whole  ocean,  as  produced  by  changes  in  their  temperature 
ealtnnss  fi-om  time  to  time.    As  the  Gulf  Stream  leaves  the  o 

.  oC  tbs  Unitsd  States,  it  b^pns  to  vary  its  position  acDordin| 
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the  seasons ;  the  limit  of  its  nortbtm  edge,  aa  it  passes  the 
meridian  of  Cape  Race  (Plate  VI.),  being  in  winter  about  lati- 
tude 40-41°,  and  in  September,  when  the  sea  is  hottest,  about 
latitude  43— K!°  The  trongh  of  the  Gulf  Stream,  therefore,  may 
be  supposed  to  waver  about  in  the  ocean  not  unlike  a  pennon  in 
the  breese.  Its  head  is  confined  between  the  shoals  of  the 
Biihamas  ftnd  ibo  Carolinas ;  but  that  part  of  it  which  stretchea 
over  towards  the  Grand  Banks  of  Newfoundland  is,  as  tlie  tem- 
perature of  the  waters  of  the  ocean  changes,  first  pressed  down 
towards  the  south,  and  then  again  up  towards  the  north,  accord- 
ing to  the  season  of  the  year. 

125.  Tlte  phenomenon  Oiermal  in  tla  eharaeler. — To  appreciate  Ihe 
eottent  of  the  force  by  which  it  is  so  pressed,  let  ua  imagine  the 
waters  of  the  Gulf  Stream  to  extend  all  the  way  to  the  buttotn  of 
the  sea,  so  as  completely  to  separate,  by  an  impenetrable  liquid 
wall,  if  yon  please,  the  waters  of  the  ocean  on  the  right  from  the 
waters  in  the  ocean  on  the  left  of  the  stream.  It  is  the  height  of 
summer :  the  watere  of  the  sea  on  either  hand  are  for  the  most 
pait  in  a  liquid  state,  and  the  Gulf  Stream,  let  it  be  supposed, 
baa  usumed  a  normal  condition  between  the  two  divisions, 
adjusting  ilaelf  to  the  pressure  on  either  aide  so  oh  to  balance 
thorn  exactly  and  be  in  equilibrium.  Now,  again,  it  is  the  dead 
of  winter,  and  the  temperature  of  the  waters  over  an  area  of 
miUioiCB  of  square  miles  in  the  Nurth  Attautio  has  been  changed 
many  degrees,  and  this  ohange  of  temperature  has  been  followed 
likewise  by  a  change  in  volume  of  those  waters,  amounting,  no 
doubt,  in  the  aggregate,  to  many  hundred  millions  of  Ions,  over 
the  whole  ocean;  for  sea-water,  unlike  fresh  (9  EO^),  contracts 
to  IxeeztDg.  and  below.  Now  is  it  probable  that,  in  passing  from 
tlieir  summer  to  their  winter  temperature,  the  sea-watere  to  the 
right  of  the  Gulf  Stream  should  change  their  specific  gravity 
exactly  as  much  in  ihe  aggregate  as  do  the  waters  in  the  whole 
ocean  to  Ihe  left  of  it?  If  not,  the  difference  must  he  com- 
pensated by  some  means.  Sparks  are  not  more  prone  to  tiy 
upward,  nor  water  to  seek  its  level,  than  Nature  is  sure  with  her 
eti'orts  to  restore  equilibrium  in  both  sea  and  air  whenever, 
wherever,  and  by  whatever  it  he  disturbed.  Therefore,  though 
Ihe  watera  of  the  Gulf  Stream  do  not  extend  to  the  bottom,  and 
though  they  be  not  impenetrable  to  the  waters  on  eiUior  hand, 
yet,  seeing  that  they  have  a  waste  of  waters  on  the  right  and  u 
^■iute  of  waters  on  the  left,  to  which  (g  TOJ  they  offer  a  sort  of 
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resisting  permeability,  we  are  enabled  to  comprehend  huyf  tl 
watan  on  either  bond,  as  iixmr  specific  gravity  is  int-reawd  fl 
dimtniehed,  will  imxiart  to  the  trough  of  this  stream  a  vibrato 
inution,  pressiug  it  now  to  theright.  now  to  the  left,  aecurdinga 
tho  seasons  and  the  conaequuntcUanges  of  temperature  in  the  ■" 

126.  lAmila  of  lite  Out/  SiTeaia  m  Marth  and  StptenAer.-  ~' 
VI.  ehowB  the  limits  of  the  Gulf  Stream  for  March  and  Sapte 
ber.  The  reason  for  this  change  of  position  is  obvioaa.  "~ 
banks  of  the  Gulf  Stream  (§  70)  are  cold  water.  In  winter  t 
volume  of  cold  water  on  the  Americinn,  or  left  side  of  the  sti> 

>    is  greatly  increased.     It  niuiit  have  rootu,  and  gains  it  by  p 
ing  the  warmer  wateis  of  the  stream  farther  to  tho  south,  g 
right,     la  September,  the  temperature  of  these  cold  waters  | 
tnodiiied ;  there  is  not  such  an  extent  of  them,  and  then  ( 
warmer  waters,  in  turn,  press  them  back,  and  ao  the  pendolni 
like  motion  is  preserved. 

127.  Bdnctance  of  layera  or  patches  to  mingle. — In  the  c 
the  Baliie,  sometimes  as  far  out  as  a  hundred  miles  or  more  frai 
the  land,  pud<lles  or  patches  of  Mississippi  water  maybe  obeervei 
on  the  surface  of  the  sea  with  little  or  none  of  its  brine  mixed 
with  it.  This  anii-mixinij  propeify  in  water  has  already  (5  981i 
been  remarked  upon.  It  may  be  observed  from  the  gutlfirs  i 
the  street  to  the  rivers  in  tho  ocean,  and  everywhere,  whei 

'  two  bodies  of  water  that  differ  in  colour  are  found  i 
positioti.  The  patches  of  white,  black,  green,  yellow, 
reddish  waters  ao  often  met  vrith  at  sea  are  sti'iking  and  fan 
examples.  We  have  seen,  also,  that  a  like  proclivity  t 
(S  911)  between  bodies  or  streams  of  water  that  differ  ii 
tnre  or  velooity.  This  peculiarity  is  ufteo  so  strikingly  developed 
in  the  iieighbonrhood  of  the  Gulf  Stream,  that  persons  have  been 
led  to  suppose  that  the  Gulf  Stream  has  forks  in  the  sea,  and  that 
these  are  they. 

128.  Streaks  of  warm  and  cod. — Novi^,  if  any  vessel  will  ( 
up  her  position  a  little  to  the  northward  of  Bermuda, 
steering  thence  for  the  Capos  of  Virginia,  will  try  the  wats 
thermometer  all  the  way  at  short  intor\-als,  she  will  find  f 
readings  to  be  now  higher,  now  lower;  and  the  observw  ^ 
discover  that  he  haa  been  crossing  streak  after  streak  of  i 
and  cool  water  in  regular  alternations.  He  will  then  c 
regard  them  as  bifurcations  of  the  Gulf  Stream,  and  v 

B.mh<ir  in  the  light  of  thermal  streaks  of  water  which  have,  in  t] 


[>]an  of  oceanic  cirDiilatiun  and  in  the  ejetcm  of  iinRiitiul  lieatJu^ 
ami  cooling,  been  brought  togelbev. 

121',  Waters  of  the  ocean  tepi  in  matiim  ftj  IJieriito-difTiamtcnl  meoM, 
— The  waters  of  the  Gulf  Stream  form  by  no  means  the  only 
body  of  warm  water  that  the  tiermo -dynamical  forces  of  the 
ocean  teop  in  motion.  Nearly  all  that  portion  of  Ihe  Atl»otio 
which  liua  between  the  Gulf  Stream  and  the  island  of  Bennnda 
hns  its  snrface  covered  with  water  which  a  tropical  sun  and  tropi- 
CMil  winds  have  played  upon^with  water,  the  tspeoific  gravity  of 
which  has  been  altered  by  their  action,  and  which  is  now  drift- 
ing to  more  northern  climes  in  the  endless  search  after  lost  eqni- 
librinm.  This  water,  moreover,  as  well  as  that  of  the  Gulf 
Stream,  cools  unequally.  It  wotild  bo  surprising  if  it  did  not : 
fur  by  being  spread  out  over  such  a  large  area,  and  then  drifting 
for  so  great  a  distance,  and  through  such  a  diversity  of  climates, 
it  is  not  probable  that  all  ports  of  it  should  have  been  exposed  to 
like  vicissitudes  by  the  way,  or  even  to  the  same  thermal  con- 
ditions: therefore  all  of  the  water  over  such  a  surface  cannot  be 
boated  alike ;  radialion  here,  sunshine  there ;  clonds  and  rain 
ouo  day,  and  storms  the  next ;  the  unequal  depths  ;  the  break- 
ing up  of  the  fountains  below,  and  the  bringing  their  cooler  or 
their  wanner  waters  to  the  surface  by  the  violence  of  the  waves, 
may  all  be  eipected,  and  are  well  calculated,  to  produce  unequal 
heating  in  the  torrid  and  unequal  cooling  in  the  temperate  eone; 
the  natural  result  of  which  would  be  striNtkB  and  patches  of  water 
diSering  in  temperature.  Hence  it  would  he  snrprising  if,  in 
crossing  this  drift  and  stream  (Plate  VI.)  with  the  water-ther- 
mometer, the  observer  should  find  the  water  all  of  one  temperai- 
tore.  By  the  lime  it  has  reached  the  parallel  of  Bermuda  or 
"  the  Capes  "  of  the  Chesapeake,  some  of  this  water  may  have 
been  ten  days,  some  ten  weeks,  and  some  perhaps  longer  on  its 
way  from  the  "  caldron  "  at  the  south.  It  has  conseqneutly 
had  ample  time  to  arrange  itself  into  those  ditferenlly-teiupered 
etreakfl  and  layers  {§  127)  which  are  so  familiar  to  navigators, 
and  which  have  been  mistaken  for  ■'  forks  of  the  Gulf  Stream," 

130.  Fig.  A,  Plate  VI. — Curves  showing  some  of  these  varia- 
tions of  temperature  have  been  projected  by  the  Coast  Survey 
on  a  chart  of  engraved  squares  (Fig.  A,  Plate  VI.).  I'hese 
curves  show  how  these  waters  have  sometimes  airanged  them- 
selves off  the  Capes  of  Virginia  into  a  series  of  thermal  elera- 
IS  and  depressions. 
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131.  The  high  lemperalure  and  drift  m  the  wettern  lad/  of  IfoHk 
Atlantic  and  Paetjie  Oeeam. — In  studyiog  the  Gulf  StreftU,  Uh 
high  temperature  and  drift  of  the  wat«nj  to  the  east  of  it  itt 
worthy  of  con  side  ration.  The  Japan  current  (S  80)  haa  A  Ukt 
ilrift  of  warm  water  to  Ihe  eaat  of  it  also  (Plates  VI.  and  IX). 
In  the  western  half,  reaching  up  from  the  equator  to  the  Qijf 
Stream,  boih  of  the  North  Atlantic  and  North  Pacific,  the  vuiar 
ia  warmer,  parallel  for  parallel,  than  it  is  in  the  eafitem  halC 
On  the  wcat  side,  where  the  water  is  warm,  the  flow  ia  to  the 
north :  on  the  east  aide,  where  the  temperature  is  lower,  tho 
flow  ie,  t<j  the  south — making  good  the  remark  (5  80j  that,  when 
the  waters  of  the  sea  meet  in  currents,  the  tendency  of  the  wann 
ia  to  seek  cooler  latitndeB;  and  of  the  cool,  warmer. 

132.  A  Gvlf  Stream  in  eacfi.— The  Gulf  Stream  of  each  oomt 
has  its  genesis  on  the  west  side,  and  in  ita  course  it  skirts  tha 
coaat  along ;  leaving  the  coast,  it  strikes  off  to  the  eastward  in 
each  case,  losing  velocity  and  spreading  out.  Between  each  of 
these  Gulf  Streams  and  its  coasts  there  is  a  current  of  cool  watea- 
setting  to  the  south.  On  the  outside,  or  to  the  east  of  ea^ 
stream,  and  coming  up  from  the  tropics,  is  a  broad  sheet  of  warm 
water;  it  covers  an  area  of  thousands  of  square  miles,  and  its 
drift  is  to  llie  north.  Between  the  northern  drift  on  the  one 
side  of  the  ocean  and  the  southern  set  on  the  other,  there  is  in. 
each  ocean  a  sargasso  (§  88),  into  which  all  dnft  matter,  Buch  am 
wood  and  weeds,  finds  its  way.  In  both  oceans  lie  Gulf  Streams 
sweep  across  to  the  eastern  shores,  and  so,  bounding  these  seas, 
interpose  a  barrier  between  them  and  the  higher  parallels  gf 
latitude,  whicli  this  drift  matter  cannot  pass.  Such  are  the  points 
of  resemblance  between  the  two  oceans  and  in  the  circulation  of 
their  waters. 

133.  I^iV  cimnectian  leilh  tlie  Arclia  Ooeait. — A  prominent  point 
for  oontTftst  ia  afforded  by  the  channels  or  water-ways  betweoa 
the  Arctic  and  these  two  oceans.  With  the  Atlantic  they  aro 
divers  and  lai^ ;  with  the  Pacific  there  is  but  one,  and  it  in 
both  narrow  and  shallow.  In  comparison  with  that  of  Urn 
Atlablic,  the  Gulf  Stream  of  the  Pocific  ia  sluggish,  ill-iJofined. 
and  irregnlar.  Were  the  water-ways  between  the  Atlantio  and 
the  Arctic  Ocean  no  lai^er  than  Behring's  Straits,  our  Golf 
Stream  would  fall  far  below  that  of  the  Pacific  in  majesty  and 
grandcHr. 

134.  The  tat-goMot  »how  the  fethle  pmeer  of  the  tiadexeindt  Upm 
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eurrentt. — Here  I  am  reminded  to  tarn  aside  and  call  uttention  io 
another  fact  that  niilitates  against  tlie  vaet  carrunt-begetting 
power  that  has  been  given  by  theoiy  to  the  gentle  trade-winds. 
In  both  oceans  these  weedy  seas  lie  partly  within  the  trade-wind 
region  ;  but  in  neither  do  these  winds  give  rise  lo  any  current. 
The  weeds  are  partly  out  of  water,  aiid  the  wind  has  therefore 
more  power  npon  them  than  it  has  iipuu  the  water  itself;  they 
tail  to  the  wind.  And  if  llie  supreme  power  over  the  currents  of 
the  sea  reside  in  the  wind*,  as  Sir  John  Herschel  would  have  it, 
then  of  all  places  in  thti  trade  wind  region,  we  nhould  have  here 
the  strongest  currents.  Had  there  been  ourreDta  here,  Iheee 
weeds  would  have  been  borne  away  long  ago;  but  ko  far  from  it, 
ive  simply  know  thai  thoy  have  been  in  the  Sargasso  Hca  (5  88) 
of  the  Atlantic  since  the  first  voyage  of  Columbus.  But  to  t&ke 
Dp  the  broken  thread : — 

1 35.  The  drift  malter  confined  to  aargamoi  by  euirenU.^-Thn  water 
tliat  is  drifting  north,  on  the  outside  of  the  Gulf  Stream,  turoe, 
with  the  Qulf  Stream,  to  the  east  also.  It  cannot  roach  the  high 
latitudes  (§  80),  for  it  cannot  cross  the  Gulf  Stream.  Two 
streams  of  water  cannot  cross  each  other,  unless  one  dip  down 
and  underrnn  the  other;  and  if  this  drift  water  do  dip  down,  as 
it  may,  it  cannot  carry  with  it  its  floating  matter,  which,  like  ita 
"s  too  light  to  sink.  They,  therefore,  are  cut  off  from  a 
kge  into  higher  latitudes. 
|t36.  Theorg  as  lo  the  formalion  of  jarijowo*.— According  to  this 
',  there  ought  to  be  a  sargasso  sea  somewhere  in  the  sort  of 
middle  gi'ound  between  the  grand  equatorial  flow  and  reflow 
which  is  performed  by  the  waters  of  all  the  great  oceans.  The 
place  where  the  drift  matter  of  each  sea  would  naturally  collect 
wonid  be  in  this  tort  of  pool,  into  which  every  current,  as  it  goes 
from  the  equator,  and  again  as  it  returns,  would  slough  off  its 
drift  matter.  The  forces  of  diurnal  rolation  would  require  this 
collection  of  drift  to  bo,  iu  the  northern  hemisphere,  on  the  right- 
htind  sidu  ol'  the  current,  and,  in  the  southern,  to  be  on  the  left. 
(See  Chap,  XVIIl.  and  Tlate  IX.) 

137.  Sargottoe  vf  toutkem  netu  to  the  left  of  the  loulhera,  lo  the 

n'ghl  of  the  trreal  polar  aiul  equalorial  flous  and  refioa. — Thus,  with 

the  Gnlf  Stream  of  the  Atlantic,  and  the  "  Black  Stream  "  of  the 

['acific,  their  sargassos  are  on  the  ri^t,  as  they  are  also  on  the 

^jM^t  of  the  returning  and  cooler  currents  on  the  eastern  side  of 

^^Bll  one  of  those  northeru  oceans.     So,  alao,  with  the  Mos 


bO         PHSaiC*L    OKOOILU'HI    OF    THE    SKA,   AND    1T8    iTLTKOBOI.OCT, 

bique  current,  which  runs  uoulb  along  the  east  coast  of  Al 
from  the  Indian  tJcean.  and  with  the  cooler  current  settings 
the  north  un  the  AuetraliaJi  Bide  of  the  same  sea.     Butm 
thoBc  there  is  a  Bargasso  on  the  left ;  for  it  in  in  the  soatli 
hnuiuphere. 

138.  Tl^eil■  poailim  conforjoata  the  (Aeory. — Again,  there  is  ii 
Soatli  Pacific  a  flow  of  equatorial  waters  to  the  Antarctic  c 
east  CI f  Australia,  and  of  Antarctic  waters  (Miuubi>ldt'a  oiirr 
to  the  north,  along  the  westera  shores  of  South  America ; 
according  to  this  principle,  there  ought  to  he  auulher  e 
aoiaewhere  between  New  Zealand  and  the  coast  of  Chili, 
Plate  IX.) 

139.  The  discfmery  of  a  neio  garijawo.—'Yo  test  the  correctneM 
this  view,  I  requested  Lieut.  Warluy  to  overhaul  our  Bea-jonni 
for  notioea  of  kelp  and  drift  matter  on  the  pa£Kage  from  Aabtn 
to  Cape  Uoin  and  the  Chiuuha  Iblauds.     He  did  eo,  and  founi 
abounding  iu  Gmall  patches,  with  "many  birda  ahont,"  betw) 
the  parallels  of  40°  and  50°  south,  the  meridians  of  140*^ 
178°  west.     This  aargiisso   is  directly  south  of  the   Gw 
Islands,  and  is,  pcrhapti,  leRs   abundantly  supplied  with    i 
nitttter,  less  dititinot  in  outline,  and  less  permanent  in  posi 
than  any  one  of  the  others. 

140.  One  in  the  Sou(A  Allantic.^ThcTB  is  no  warm  current,  « 
one,  a  very  feeble  one,  flowing  out  of  the  South  Atlantic. 

of  the  drift  matter  home  upon  the  ice-bearing  current  into  i 

aea  finds  its  way  to  the  ei^uator,  and  then  into  the  veins  wlj 

give  volume  to  the  Gnlf  Stream,  and  supply  the  sargaHHO  of  1 

North  Atlantic  witli  extra  quantities  of  drift.     Tlie  s 

the  South  Atlantic   ai-e  therefore  Kmall.      The  formations   i 

pbysical  i-elalions  of  eargassos  will  be  again  alluded  to  in  Ola 

XVIII. 

141.  The  large  volavtB  of  icarni  wiler  oiUslde  of  ike  Qvlf  S 
Let  ns  retnm  (§  1 2^)  to  this  great  expanse  of  wann  water  v 
coming  from  the  torrid  zone  on  the  south-west«m  side  o 
Atlantic,  drii^  along  to  the  north  on  the  outside  of  tho  { 
Stream.  Its  velocity  is  slow,  not  snfficient  to  give  it  the  j 
of  outrent;  it  is  a  drift,  or  what  sailors  call  a  "  set."  I 
time  Ibis  water  reaches  a  parallel  of  35°  or  40°  it  has  ] 
with  a  good  deal  of  ite  iniertropic  d  b<  at :  contiequeiit  upo 
change  in  temperature  is  a  change  in  specific  gravity  alsi 
bjr  reason  of  this  change,  as  well  aa  by  the  difficulties  of  oro 
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the  Qnlf  Sti'oam,  its  progress  to  tlie  north  ia  arresled.  It  dow 
turns  to  the  east  with  the  Gulf  Stream,  and,  yielding  to  tie 
force  "rf  the  westerlj-  winds  uf  this  latitude,  is  (g  107)  by  tbem 
tUmtly  drified  along :  loHing  temperature  by  l^e  way,  theee  waters 
reueli  the  Goulhwardly  flow  ou  the  east  jaide  witli  their  §pecific 
gravity  no  iiltered  that,  disregarding  the  gentle  forces  of  the 
wiud,  they  heed  the  ■voice  of  the  sea,  and  proceed  lo  unite  with 
this  coul  flow,  and  to  sot  south  in  obedience  to  tfacise  dyDomtcal 
laws  that  derive  their  force  in  the  sea  from  differing  specific 
gravity. 

142.  Tfto  rwemtiancfi  Iwdeeen  Aecurrentt  in  the  North  Allaniie  awl 
Hit  NorA  Paeific.—Th^  Thermal  Charts  of  the  North  Atlantic  afford 
fur  theue  viuwa  other  illuGtrationa  which,  when  compared  with 
tlio  charts  of  the  North  Pacific  now  ia  the  process  of  oonatraction, 
^till  make  atill  more  striking  the  resemblance  of  the  two  ootans 
in  the  general  features  of  their  systems  of  circulation.  Vie  see 
how,  in  accordance  with  ibia  principle  (§  132),  the  cnrrentH 
ueceBsary  for  the  formation  uf  thickly-«et  sai^assos  are  generally 
wanting  in  southern  oceans.  How  cloiiely  tbese  two  seas  of  thv 
north  resemble  each  other ;  and  how.  on  account  of  the  large 
openiugH  butween  the  Atlantic  and  the  Frozen  Ocean,  the  flow  of 
warm  waters  to  the  north  and  of  oold  waters  to  the  Houth  i.»  eii 
much  more  active  in  the  Atlantic  than  it  ia  in  ibe  Tucific. 
Ought  it  not  so  to  bo  ? 

1 43 .  A  cunhitni  of  cool  water  proteeU  the  bottovt  of  the  rfpty  ««i  from 
ul/rimon  by  ito  currenla.— As  a  rule,  the  hottest  wator  of  the  Gulf 
^Ll(-um  ia  at  or  near  the  Gurface ;  and  as  the  deep-sea  tliermu- 
fij'.'ier  is  sent  down,  it  shows  that  these  waters,  though  still  far 

.armer  than  the  water  on  either  side  at  corresponding  depths, 
^r.iduaily  become  lees  and  less  warm  until  the  bottom  of  the 
current  is  reached.  There  ia  reason  to  believe  that  the  warm 
waters  of  the  Gulf  Stream  are  nowhere  permitted,  in  the  oceanio 
economy,  to  touch  the  bottom  of  the  sea,  There  is  everywhere 
a  cusbion  of  cool  water  between  them  and  the  solid  parts  of  the 
earth's  eni&t.  This  iirrungement  ia  snggeative,  and  strikingly 
henntiful.  One  of  thu  benign  officea  of  tlie  Gnlf  IStreum  ie  Ui 
■  nivey  heat  from  the  Gulf  of  Mesioo,  whore  otlierwise  it  would 
■  I'Dmt!  excensive.  and  lo  dispense  it  in  regioius  beyond  the 
Mlantio  for  the  amolioraliuu  of  ibe  climates  of  tlio  British 
Uhinds  and  of  all  \Veslei'n  Kiuii'pe.  Now  uold  water  is  one  of 
Eouduutora  of  heal,  and  if  the  warm  water  of  the 
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Gulf  Stream  was  sent  across  the  Atlantic  in  contact  \ 
solid  crust  of  the  eanh— comparatively  a  good  conductor  of  Iital 
— instead  of  being  sent  across,  ns  it  is,  in  contact  with  a  cold, 
non-oondiicting  cusbion  of  cool  water  to  fend  it  from  the  boUi 
much  of  its  lieat  would  be  lost  in  tbe  first  part  of  tbe  waj,  i 
the  soft  climates  of  both  France  and  Eiiglajid  'would  bo,  as  ^ 
of  Labrador,  severe  in  tlie  extreme,  ice-bonnd,  and  bitterly  c 

144.  Why  should  the  Qvlf  Stream  take  ila  rise  in  ike  Qvlf  ^"1 
Mexioo  f — That  tliere  should  be  in  the  North  Allantio  Oueaa  « 
constant  and  oopioua  flow  anil  reflow  of  water  between  tb&t  ocean 
and  the  Arctic  is  (S  lOT)  not  so  iitrange,  for  there  are  abimdM^ 
chatuiel-wayB  between  the  two  oceans.  In  one,  water  is  to  '1^1 
fbtmd  nearly  at  blood  heat :  in  the  other,  as  oold  as  ice.  ^H 
familiar  experiment  shows  tliat  if  two  basins  of  such  vater  ^H 
brought  in  connection  by  opening  a  water-way  between  tlM^H 
the  warm  will  immediately  commence  to  flow  to  the  cold,  a^^| 
the  cold  to  £eek  the  place  of  the  warm.  But  why  Ihis  'wi^^H 
flow  in  the  Atlantic  Ocean  should  aeem  to  ist>uo  iixaa  the  (il^H 
of  Mexico,  as  if  by  pressure,  is  not  so  clear.  ^H 

145.  The  trade-mndB  ae  a  eaute  of  Ike  (hUf  Stream.— To  sati^f 
ourselves  that  ihe  trade-winds  have  little  or  nothing  to  do  l^B 
causing  the  Guif  Sti'eam,  we  may  by  a  procobs  of  reasonid^B 
which  ignores  all  the  iac\»  and  circumstances  already  addufl^H 
show  rhat  thoy  cannot  create  a  current  to  run  when  or  wlu^H 
they  do  not  blow.  The  north-east  trade-winds  of  the  AtJan^^l 
blow  between  the  parallel  of  25°  and  the  equator ;  the  G^^| 
Stream  flows  between  the  parallel  of  25°  and  the  North  Folo>  ^H 

146.  Gidf  Siraam  impelled  hy  a  oonslanilji  aeting  force. — A  OO^H 
stantly  acting  power,  eiieh  aa  tbe  force  of  gravitation,  ia  ^H 
necesxary  (3  9.'i)  to  keep  fluids  as  it  ia  to  keep  solids  in  motu^H 
In  either  case  tJie  projectile  force  ie  soon  overcome  by  resist«ii^^| 
and  unless  it  be  renewed,  the  cnrront  in  the  sea  will  oBnaa|^| 
flow  onward,  as  surely  as  a  cannon-ball  will  stop  ils  fliff^H 
through  the  air  when  its  force  is  spent.  ^Vhen  the  watets^H 
Niagara  reach  Lake  Ontario,  they  are  no  longer  descending  i^H 
inclined  plane  ;  there,  gravity  ceases  to  act  as  a  propelling  ftid^| 
and  the  ntream  ceases  to  flow  on,  notwithslanding  the  impnlsa^H 
derived  from  the  Mis  and  rapids  above.  A  propelling  poir^^| 
having  ite  seat  only  in  the  Gulf  of  Mexico,  or  the  trade-wii^H 
region,  could  (S  "02)  no  more  drive  a  jet  of  water  across  t^H 
"unan,  \^'V  any  other  g'pgln  uapulfio  could  setul  auf  -olltM  t^^| 
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jeclile  that  distunoe  through  either  air  or  wat^r.  The  power 
that  ounvejs  tlu;  wutera  of  the  Oiilf  stream  across  the  ocoun  ie 
aoting  upon  them  (i  95)  every  momunt,  like  grayity  npon  the 
current  of  the  Mississippi  river;  with  tliis  difference,  however, 
the  Mississippi  runs  down  hill,  the  Gulf  Stream  on  the  dead 
level  of  the  sica.  But  if  we  appeal  (§  80)  to  salt  and  vapour,  to 
heat  and  cold,  and  to  tie  secreting  powers  of  the  insect*  of  the 
aeu,  we  shaJl  find  just  such  sources  of  everlasting  changes  and 
jiDtt.  such  constantly  acting  forces  as  are  reqnirod  (3  108)  to  keep 
up  and  suKtain,  not  only  the  Gulf  Stream,  but  the  endless  round 
of  cnrrenta  iu  the  sea,  which  run  from  the  equator  to  the  poles, 
and  from  the  poles  back  to  the  equator;  and  these  forces  are 
derived  from  differeiioe  in  specific  gravity  between  the  flowing 
and  reflowing  waler. 

147.  Th«  true  came  of  the  Gu// 5frflam.— The  waters  of  the  Quit 
as  they  go  from  their  fountain  have  their  specific  gravity  in  a 
state  of  perpetnal  alteration  tn  oonsoquence  of  the  change  of  salt- 
ness,  and  in  consequence  also  of  the  change  of  temperature.  In 
these  clianges,  and  not  in  the  trade-winds,  resides  the  power 

ticb  makes  the  great  currents  of  the  sea. 
60-1 
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— IKFUJeNOE  OF    THE  OULF    STBEAJt   DPOS    CUUATBB  t 
COUUEHCE. 


BGO.  BoiB  the  Wasliinytoa  Observaiory  it  warmed. — Modem  inge- 
r  has  snggfHtod  a  beautiful  mode  of  warming  houF'cs  iu 
winter.  It  is  dune  by  means  of  hot  water.  The  fiiniaue  and 
the  caldron  are  sometimes  placed  ^t  a  distance  from  the  apart- 
ments to  be  warmed.  It  is  so  at  the  Washington  Observatory. 
In  ihio  case,  pipes  are  used  to  conduct  the  heated  water  from 
the  caldron  under  the  superintendent's  dwelling  over  into  one  d 
the  basement  rooms  of  ihe  Observatory,  a  distance  ef  one 
liundred  feet.  These  pipes  are  then  fiared  out  go  as  to  present 
a  large  cooling  surface ;  after  which  they  are  united  into  one 
again,  through  which  the  water,  being  now  cooled,  returns 
of  its  own  accord  to  the  caldron,  I'hus  cool  water  is  returning 
all  the  time  and  flowing  in  at  the  bottom  of  the  caldron,  while 
hot  water  is  continually  flowing  out  at  the  tup.     The  ventilatiun 
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of  the  UbKen'atory  is  so  arraiigtd  that  tLo  circulation  < 
atmosphere  througli  it  is  led  tVom  this  bnHenient  rou 
pipes  &ri:.  to  all  other  parts  of  iLe  building ;  and  h 
of  this  oirculalion,  the  warailb  conveyed  by  the  water  f 
baaement  is  taken  thence  by  the  air  and  distributed  over  a] 
rooms.  Kow.  to  compare  email  things  with  great,  we  hi 
the  wann  waters  which  are  contained  in  the  Gulf  of  1 
just  Huch  a  heating  apparatus  for  Great  Britain,  the  '. 
Atlantic,  and  Wesitera  Europe. 

151.  An  analogy  ahtneing  how  the  Gulf  Stream  raiaet  U 
in  Evrope.~~The  fuiiiace  is  the  torrid  zone;  the  Mexican 
and  Caribbean  Sea  are  the  caldrons ;  (he  Gulf  Sti'eain  i 
conducting  pipe.     From    the    Grand    Bauka   of  Xewfbnnfl 
to  the  Bhores  of  Europe  in  the  basement — the  hot-air  chamlx 
in  which  this  pipe  is  flared  out  so  as  to  present  a  large  cooling'' 
surface.     Here  the  circulation  of  the  atmosphere  is  arranfjed  by 
nature  ;  it  is  from  west  to  east ;  consequently  it  is  ench  That  d 
warmth  thus  conveyed  into  this  warm-air  chamber  of  mid-o 
is  taken  up  by  the  gonial  west  winds,  and  dispensed,  : 
most  benign  manner,  throughont  Great  Britain  and  the 
of  Europe.     The   mean   temperature   uf  the   water-heated] 
chamber  of  the   Observatory    is    about    90°.      The 
temperature  of  the  Gulf  Stieam  is  80",  or  about  9°  aboraa 
ocean  temperaturo  due  the  latitude.     Increasing  its  latitude} 
it  loses  but  2°  of  temperature ;  and,  after  having  run   i 
thousand  miles  towards  the  north,   it  btill  preserves,  i 
winter,  Ihe  heat  of  summer.     With  this  temperature  it 
the  40th  degree  of  north  latitude,   and  there,  overflowini 
liquid  bankH,  it  spreads  itself  out  for  thousands  of  square  lea 
over  the  cold  waters  around,  covering  the  ocean  with  a  t 
of  wannth  that  serves  eo  much  to  mitigate  in  Europe  the  riM 
of  winter.     Moving  now  more  tlowly,  but  dispensing  its  g 
infinences  more  fi'eely,  it  finally  meets  the  Britisih  Islands.  | 
these  it  is  diviiled  (Plate  IX.),  one  part  going  into  the  1 
basin  of  Spitzbergen,  the  other  entering  the  Bay  of  Biscayil 
each  with  a  warmth  conHidorablj  above  the  ocean  lempen 
Such  an  immense  volume  of  heat«d  water  cannot  fail  to  < 
with  it  beyond  Ihe  seas  a  mild  and  moist  atmoirpheTe.     AndJ 
it  is  which  so  much  softens  climate  there. 

162.  Depd  and  temperature. — ^Ve  know  not,  except  appi 
mately  in  a  few  places,  what  the  depth  of  the  under  temper 
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of  the  Onlf  Stream  may  bo ;  but  atfaming  (lie  fempernture  ond 
velocity  at  the  depth  of  twii  tnndreil  fathoms  to  be  those  of  the 
snrfiibe,  and  taking  the  well-known  differenoe  between  the 
capacity  of  air  and  cif  water  for  specific  heat  a.s  the  argument,  a 
eimple  calculation  will  show  that  the  quantity  of  heat  dlschurged 
over  the  Atlantic  from  the  waters  of  the  Gulf  Strewn  in  a  winter's 
day  would  ho  eufBcient  to  raiw  the  whole  column  of  almosphere 
that  restK  upon  France  and  the  British  Islands,  from  the  freezing 
point  ti)  summer  heat. 

153.  ConirafU  of  eltmaiet  in  the  tame  latitude*. — Every  west 
wind  that  blows  crosaea  this  strt-am  on  its  way  to  Europe,  anil 
cari'iee  with  it  a  portion  of  this  heat  to  temper  there  the  northern 
winds  of  winter.  It  is  the  influence  of  this  stream  upon  ctimat« 
thiit  ma2ces  Erin  the  "  Emerald  lele  of  the  Sea," — that  clothes 
the  eLores  of  Albion  in  evergreen  robes ;  while  in  the  same 
latitude,  on  this  side,  tht-  coaatH  of  I.abrador  ai'e  fast  bound 
in  fetters  of  ice.  In  a  valuable  paper  on  currents,*  Sir,  Rodfield 
states,  that  in  IBrtl  the  harbour  of  St.  Julia's,  Newfoundlandi 
was  closed  with  ire  as  Inle  as  the  mont))  of  June;  yet  who 
erer  heard  of  the  port  of  Liverpool,  on  the  other  side,  though 
2"  farther  north,  being  dosed   with  ice,  even  in  the  dead  of 

164.  Mihlnfu  of  an  Oritnej  innfer.— The  Thennal  Chart  (Plate 
IV.)  shows  this.  The  isothermal  lines  of  (J0°,  50*.  elA,  starting 
off  from  the  parallel  of  40°  near  the  coasts  of  the  DnJIed  States, 
mn  off  iu  a  n orth -east wardly  direction,  showing  tho  same  oceanic 
temperature  on  the  European  side  of  the  .Atlantic  in  latitude  55° 
or  60°  that  we  have  on  the  western  side  in  latitude  40°.  Soott, 
in  one  of  hia  beautifu]  novels,  tells  ns  that  the  ponds  in  the 
Orkneys  (latitiide  near  60")  are  not  frozen  in  winter.  The 
peoplt!  there  owe  their  soft  climate  to  this  grand  heating  appa- 
ratus, and  l<i  the  latent  heat  of  the  vnpciurs  from  it  which  is 
liberated  during  the  precipitation  of  them  upon  the  regions  round 
abunt.  Driftwood  from  the  West  Indies  is  occaBionally  caat 
upon  the  islands  of  the  North  Sea  and  Northern  Ocean  by  the 

Gulf  Siream. 

^M>]fi5.  AmriMit  nf  heat  dailt/  meapin^  through  &e  Qidf  Strram. — Nor 
^^H)  the  t:>eDcfi('ial  influences  of  this  stream  upon  climate  end 
^^B^.  The  West  Indian  Archipelago  is  cnc<.<upatuted  on  one 
^^fie  by  its  chain  of  islands,  and  un  the  other  by  the  CordiUuras 
^^B  *  AiiH'rican  Joonul  of  Science,  tU.  liv.,  p.  293. 
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of  ihe  Andes,  contracting  with  the  FsthmuB  of  Darien, 
stiefching  tbemHelyee  out  over  the  plains  of  Central  An 
and  Mexico.  Beginning  on  the  summit  of  this  range,  we 
the  regions  of  purpotual  snow,  and  descend  first  into  the 
kmplada,  and  then  into  the  terra  eaiienle,  or  burning  land, 
sceoding  atill  lower,  we  reach  both  the  level  and  the  eurC 
the  Mexican  seas,  where,  were  it  not  for  tiis  beautiful  and 
Bjifitem  of  aqueous  circulation,  the  peculiar  featurea  of 
surrounding  country  assure  us  we  should  have  the  hottest,  if  not 
most  pestilential  climate  in  the  world.  As  Ihe  waters  in  theu 
two  oaldrons  become  heated,  ttej  aic  burue  off  b3-  the 
Stream,  and  are  replaced  by  cooler  currents  through  the 
bean  Sea;  the  surface  water,  as  it  enters  here,  being  3°  or 
and  that  in  depth  even  40°  couler  than  when  it  escapea  from 
Gulf,*  Taking  only  this  diflerence  rii  suiface  temperature  s9  u> 
index  of  the  heat  accumulated  there,  a  simple  eiilculation  will 
show  that  the  quantity  of  heat  daily  oanied  off  by  the  Gulf 
Stream  from  those  regions,  and  discharged  over  the  Atlantic,  is 
sufficient  to  raise  mountains  of  iron  from  zero  to  the  meUing' 
point,  and  to  keep  in  flow  from  iheni  a  molten  stream  of  metal 
greater  in  vrflnme  than  the  watere  daily  discharged  ^om 
Mississippi  River. 

156.  lU  benign  influerKa. — Who,  therefore,  can  calculate 
benign  influence  of  this  wonderfiil  current  upoi 
of  the  South  V  In  the  pursnit  of  this  subject,  the  mind  ie 
from  nature  up  to  the  great  Architect  of  naiure:  and  what  mind 
will  not  the  study  uf  ihis  subject  fill  with  profitable  emotions  ? 
Unchanged  and  unchanging  alcrne.  of  uU  created  thing);,  the 
ocean  is  the  great  emblem  of  its  everlasting  Creator,  "He 
treadeth  upon  the  waves  of  ihe  aea,"  and  is  seen  in  the  wondera 
of  the  deep.  Yea,  '-He  callelh  for  itjj  waters,  and  ponreth  them 
out  upon  the  face  of  the  earth."  In  obedience  to  this  call,  the 
aqueous  portion  of  our  planet  preserves  its  lienutiful  system  of 
circulation.  By  it  boat  and  wannth  are  dispensed  to  the  extra- 
tropical  regions;  clouds  and  rain  are  sent  to  refresh  the  dry 
land  :  and  by  it  cooling  streams  are  brought  from  Polar  Seas  to 
temper  the  heat  of  the  torrid  zone.   At  the  depth  of  two  hundred 

■  Tempewture  of  the  Carilibeaa  Bes  (fMia  llio  joumnlB  of  Mr.  Diinalcrville^ : 
Snrfitco  temptmtare  :  83°.  8<-pteinljOT :  84',  July;  S3°-86i'=,  Mobr|uit.j  Cnwt 
Temperature  in  depth  ;18a,21U  fiitlitimB;  13°.  SSe  fttlboms;  42-'.  450f«t1ioiuB: 
4A°,  500  bllHHua. 
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Mid  t'oiij'  fathoms  tfie  (emporature  of  lie  cummts  eetting  into 
tlio  C'ai'ibbi'an  Sea  has  >fen  found  br  low  as  48°,  wUilo  that 
of  the  surface  was  85°.  Anotlier  cast  with  three  hnndied  and 
eighty-six  fathoms  gave  43"  below  againat  83°  at  the  snrfate. 
The  fauiricanea  of  those  regions  agitato  the  sea  to  great  depths  ; 
that  of  17B0  tore  rocks  np  from  the  bottom  seven  fathoms  deep, 
and  cast  them  ashore.  They  therefore  cannot  fail  to  bring  to  the 
Eurface  portions  of  the  cooler  water  below. 

157.  Cold  teaier  at  the  boflom  of  the  Gulf  Stream. — At  the  very 
bottom  of  the  Gulf  Stream,  when  its  isnj'fiice  temperature  was  80°, 
the  deep-Eea  thormonieler  of  the  Coast  Survey  haa  recorded  a 
temperature  ae  low  as  3S°  Fahrenheit.  I'hese  cold  waters 
doubtlesH  corao  down  from  the  north  to  rejilnce  the  warm  wnter 
sent  through  the  Gulf  Stream  to  moderate  the  cold  of  Spitz- 
bei^n  :  for  within  the  Arctic  Circle  the  temperature  at  corre- 
sponding deplhs  off  tlie  shoi*OB  of  that  island  is  said  to  be  only 
one  degree  colder  than  in  the  Caribbean  Sea,  while  on  the  fihorea 
of  Labrador  and  in  the  I'olar  Hviut  the  temperature  of  tho  water 
beneath  the  ice  was  invariably  found  l^'  Lieutenant  De  Haven  at 
28°,  or  +°  below  the  melting-point  of  fi-CBh-water  ice.  Captain 
Scoresby  relates,  that  on  the  coast  of  Greenland,  in  latitude  72°. 
the  temperature  of  the  air  was  42° ;  of  tho  water,  34° ;  and  29° 
at  the  depth  of  one  hundred  and  eighteen  fathoms.  He  there 
fonnd  a  surface  current  setting  to  the  south,  and  bearing  with  it 
tliis  extremely  Cold  water,  with  vast  numbers  of  icebergs,  wbuiie 
centres,  perhaps,  were  far  below  zero.  It  would  be  curione  to 
ascertain  the  routes  of  these  under-oiirrenta  on  their  way  to  the 
tropical  regions,  which  they  are  intended  iri  cool.  One  has  been 
found  at  the  equator  (§  97)  two  hundred  miks  broad  and  2^° 
colder  than  the  auiface  water.  Unless  the  land  or  shoals  inter- 
vene, it  no  doubt  comes  down  in  a  spiral  curve  (§  9GJ,  approach- 
ing in  its  coui'se  the  gi'eat  circle  route. 

1 58.  Fieh  aiui  currenU. — Perhaps  the  best  indication  as  to  these 
cold  curroute  may  be  derived  from  the  fish  of  tho  sea.  The 
whalea,  by  avoiding  its  warm  waters,  pointed  out  to  the  fi^her- 
nian  the  existence  of  the  Gulf  Stream.  Along  onr  own  coasts, 
ul]  those  delicate  animals  and  marine  productions  which  delight 
in  warmer  waters  are  wanting;  thus'itidicaling,  by  their  absence, 
the  prevalence  of  the  cold  current  from  the  north  now  known  to 

there.     In  the  genial  waimth  nf  the  sea  about  the  Bormndas 
hand,  and  Africa  on  the  otht-r,  we  find,  in  great  abundance. 
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i  cural  formatioi 
latiludes  along  the  Bhoi'ee  u!  Su&th 
lins  in  the  west  coaet  of  South 
flow  of  jjolnr  wiitera  known  a 
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those  deliciite  shell-fie 
gether  wanliug  in  the  i 
Carolina.  The  same 
America ;   for  there  the 

Hnmboldfs  Current  almost  reaches  the  line  before  the  lirNt  sprig 
of  c()ral  18  found  to  grow.  A  few  years  ago,  great  nuinherB  of 
bimita  and  albeicoi'e — tropical  fish— following  the  GulfSlrpam. 
entered  the  English  Channel,  and  alarmed  the  fishermen  of 
Cornwall  and  Devonshire  by  the  havoc  whioh  they  created 
among  the  pik^hards.  It  may  well  be  qnestioned  if  the  Atlantic 
cities  and  towns  of  America  do  not  owe  their  excellent  fid^^ 
markets,  and  the  watering-places  their  refreshing  se«-bathin|^^H 
summer,  to  this  littoral  stream  of  cold  water,  'llie  tenipemt^^| 
of  the  Mediterranean  is  4"  or  5°  above  tlie  ocean  temperatnrri^^l 
the  same  latitude,  and  the  fish  there  are,  for  the  most  part,  -vd^l 
indifferent.  On  the  other  hand,  the  temperature  along  i^H 
American  ooaet  is  several  degrees  below  that  of  the  ooeaii,  i|^^| 
from  Maine  to  Floiida,  tables  are  supplied  with  the  most  ex^^| 
lent  of  fish.  The  ehoep'ij-head  of  this  cold  current,  so  m^^H 
esteemed  in  Viiginia  and  the  Carolinas,  loees  its  flavour,  aa^^H 
hold  in  no  esteem,  when  taken  on  the  warm  coral  banks  of  |^H 
Buliamas.  The  same  is  the  caso  with  other  fish  :  when  taken  ^H 
the  cold  water  of  that  coast,  ihey  have  a  delicious  flavour,  and  |^H 
highly  esteemed ;  but  when  tflkon  in  tie  warm  water  on  ^^M 
other  edge  of  the  Gulf  Stream,  though  but  a  few  miles  dista^^l 
their  fleish  ig  soft  and  unfit  for  the  t^ble.  The  temper&turev^H 
the  water  at  the  Balize  reaches  !'0°.  The  fish.tuken  them  m^M 
not  to  be  compared  with  those  of  the  same  latitude  in  this  o^^l 
stream.  New  Orleans,  therefore,  resorts  to  the  oool  waters  l^| 
fhe  Florida  coasts  for  her  choicest  fish.  The  same  is  the  aa^| 
in  the  Pacific.  A  cnm-nt  of  old  water  f§  398)  from  the  sg^H 
sweeps  the  shores  of  Chili,  Peru,  and  Columbia,  and  rtnchee  ^^M 
Oallipagos  Islands  under  the  eqnator.  lliroughout  ihis  wh^H 
distance,  the  world  does  not  aflord  a  more  abundant  or  exoeUi^H 
supply  of  fifih.  Yet  out  in  the  I'acific,  at  (he  Society  Islaa^H 
where  coral  abounds,  and  the  water  prexerves  a  higher  t«mps^^| 
turo,  the  finh,  though  Ihoy  vie  in  gorgcousness  of  colouring  WJ^H 
the  birds,  and  plants,  and  insects  of  the  tropics,  are  held  IH'^^I 
esteem  as  an  article  'if  food.  1  have  lAiown  sailore,  even  ftl^^| 
lung  voyages,  bUU  to  prefer  their  salt  beef  and  pork  to  a  meB^^H 
£mL  taken  there.    The  few  factA  wfhich  we  have  Imaring  -ty^^l 
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1  point  (if  the  inqnhy  to  h 
ill  fish  dues  not  indicate  the 


this  subject  aeem  to  suggest  it  s 
made,  whether  the  liabitHt  of  ce 

hmperaittire  of  ihe  wsier;  and  whether  these  cold  nnd  i 
pirents  of  the   ocoau  do  not   coDstitute   ihe   groat  highways 
rough  which  migratorj-  fishes  tiuvel  fioin  one  region  to  Another. 
7  should  not  fi^h  be  as  much  the  creatures  of  climate  ae 
i,   or   AS   birds   and   other  animals  cf  ]und,  sea,   and   air  F 
d,  we  know  that  Kome  kinds  of  lish  are  fonnd  only  in 
n  cUmales.     In  othc-r  words,  they  live  where  the  teniperar 
e  of  the  water  ranges  httween  certain  degrees. 
^159.  A  shoal  of  iiea-neltk». — Navigators  have  often  met  with 
t  numbers  of  yonng  soa-nettlea  (mediuuB)  drifting  along  with 
!  Gulf  iitream.     They  are  known  to  constitute  the  principal 
food  for  the  whale  ;  but  whither  bonnd  hy  this  ruule  has  uaused 
much  curious  speculation,  for  it  is  well  known  that  the  buhits  of 
^^^e  right  whalo  are  averse  lo  the  wumi  waters  of  tliis  slream. 
^^|b  intelligent  eeaeaptain  infi>rnis  me  that,  Geverat  years  ago,  in 
^^K  Gtilf  Stream  off  the  coast  of  Florida,  he  fell  in  with  such  a 
^^^Hchool  of  young  sea-nettles  as  had  never  before  been  hoard  of." 
The  sea  was  covered  with  tliem  for  many  leagues.     He  likened 
them,  ae  they  ap|ieared  on  near  inHpectiuu  in  the  water,  to  acorns 
floating  on  a  stream  ;  hul  they  were  bo  thiek  as  completely  to 
cover  the  eea,  giving  it  (he  appearance,  in  the  dibtance,  of  a 
boimdiess  mcudow  in  the  yellow  leaf.      He   was  bound  to  Eng- 
land, and  woe  five  or  six  days  in  nailiog  through  them.      In  about 

sixty   days  afLerwards,  un   iiis  return,  he  ftU  in  with  the  same 

Aool  off  the  ^^'e^te^l  Islands,  and  here  be  was  three  or  four 

t»Hng  them  again.     He  reeogtuzed  them  as  the  mme, 

t  he  had  never  before  seen  any  like  them :  and  on  both  occa- 

a  he  frequently  hauled  up  buakets  full  and  examined  thrm. 

iO.  Food  far  whaies. — Now  the  Western  Islands  is  the  great 

e  of  resort  for  whaloa :  and  at  first  there  is  eomething  curious 

p  ns  in  the  idea  that  the  Gnlf  of  Mexico  is  the  harvest  field,  and 

B  Gnlf  Stream  the  gleaner  which  collects  the  fruitage  planted 

),  and  Conveys  it  thousands  of  miles  off  to  the  hungry  whale 

But  how  perfectly  in  unison  is  it  with  the  kind  and  pro- 

lential  care  of  that  great  and  good  Ueing  that  caters  for  tha 

row,  and  feeds  the  young  ravens  when  they  cry  ! 
raci.  Piani  Smyth'i  detcription. — riazKi  Smyth,  the  ABtronomer 
5'al  of  Edinburgh,  when  bound  to  Teneriffe  on  bis  celebrated 
momical  expedition  of  1856,  fell  in  with  the  anunal  horrest 
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of  theee  creatures.  Tbey  were  iu  the  form  of  hollow  gBintiiu] 
lubea,  arranged  in  groupu  of  five  or  niae — etkch  lobe  having ; 
orango  vein  down  the  cwitre.  Thus  each  animal  was  formed 
on  aggregation  of  lobes,  with  an  orange-eotom'ed  vein, 
Btoinach,  in  every  lobe.  "  Examining,"  says  he,  "  in  tLe  mia 
ecope  a  portion  of  one  of  the  orange  Teins,  Bpparuutly  the  stoma 
of  the  crealtiTO,  it  waa  found  to  be  extraordtntirily  rioh  in  d 
tomes,  and  of  the  most  bizarre  forms,  as  stars,  MtJtese  cixisa 
embossed  cirolea,  Beniicircles,  and  spirais.  The  whole  stonii 
oould  baldly  Lave  contained  less  than  seven  hundred  tbouaai 
and  when  we  multiply  tbem  by  tbe  number  of  lobes,  and  tl 
by  the  number  of  groupe,  we  sLall  bavo  some  idea  of  the  oou 
less  millions  of  diatomes  that  go  to  make  a  feaiit  for  the  medn 
— some  of  the  softest  things  in  the  world  thus  confounding  ai 
devouring  tbe  hardest — the  fiinty-shelled  diatomacea."  Each 
these  "sea-nettles,"  as  liie  sailors  call  them,  had  in  bis  tu 
stomHohs  not  less,  according  to  this  computation,  than  five  or  i 
milliomi  of  these  mites  of  flinty  shells,  the  materials  of  whi 
their  inhabitants  had  collected  from  the  siliciou^  matter  whit 
the  rains  washed  out  from  the  valleys,  and  which  the  rivers  a 
continually  rolling  down  to  tbe  sea. 

162.  Tlie  milert  of  the  aea  bring  forik — oh  how  aburtdnitlig  I — M 
mediiEEE  have  the  p()wer  of  Biickiug  in  the  sea-water  slowly,  « 
of  ejecting  it  again  with  more  or  less  force.  Thus  they  derive  bo 
food  and  the  power  of  locomotion,  for,  in  the  jiaiiiiage  of  tlie  wat4 
tJiey  strain  it  and  collect  the  little  diatomes.  Imagine,  i 
bow  many  medusK-moutbfuts  of  water  there  must  be  in  the 
which,  though  loaded  with  diatomes,  are  never  filtered  thrun| 
the  sIoraachH  of  thette  creatures  ;  imagine  bow  many  medusm  tB 
whale  mast  gulp  down  with  every  mouthful ;  imagine  how  del 
and  thickly  the  bottom  of  the  eea  mui-t,  during  the  process 
ages,  have  become  covered  with  the  flinty  remains  of  these  lit^ 
organisms  ;  now  call  to  mind  the  command  which  was  given ' 
tbe  waters  of  the  sea  on  the  fifth  day  of  creation ;  and  then  tl 
boasted  powers  of  the  imagination  are  silenced  in  tlieir  very  is 
potency,  and  the  emotions  of  wonder,  love,  and  praiiie  take  the 
pl«ce. 

\6^.  Cimlratl*  Eietui«»i  the  climnles  of  land  and  gea. — Tho  sea  lu 
its  climates  us  well  as  Iho  land,  Tliey  both  change  with  d) 
latitude;  but  one  varies  with  the  elevation  above,  the  otha 
with  the  depresHion  below  the  sea  level.     Tho  climates  ii 
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are  regulated  by  circulation  ;  but  the  chief  regulators  are,  on  iho 
one  linnJ,  windu  ;  on  the  other,  currentB. 

1154.  Order  owi  JMi'jn.— The  inhabitants  of  the  ocean  are  as 
much  the  cieutnres  uf  climate  as  are  thoso  of  the  drj'  lund ;  for 
the  siinie  Ahuighty  band  which  decked  the  lily  and  ciires  for  the 
sparrow.  faidiiDn(.<d  ateo  the  pearl  and  fecids  the  great  whale:  He 
adapted  each  to  the  physical  oonditiona  by  which  liis  providenoo 
has  eiirrounded  it.  Whether  of  the  land  or  the  eea.  the  inhabit- 
ant* are  all  his  creatures,  sobjectB  of  his  laws,  and  agenta  in  his 
economy.  The  sea,  therefore,  we  may  safely  infer,  has  its  offices 
and  dnties  to  perform  ;  so,  may  we  infer,  have  its  current!!,  and 
so,  too,  its  inhabitants ;  conijequently,  he  who  undertakes  to 
intndy  its  phenomena  must  ceaae  to  regard  it  us  a  waste  of  waters. 
He  must  look  upon  it  as  a  part  of  that  exquisite  mitoliiuery  by 
which  the  harmonica  of  nature  are  preserved,  and  then  he  will 
begin  to  [lerceiTO  the  devBlopmenlB  of  order  and  the  evidenoeB 

^^'  ■  :  viewed  in  this  light,  it  bboomes  a  vast  field  for  study 
kmost  beautiful  and  interesting  trobject  for  contemplation. 
Rt!6.  Terrettn<d  adaptatwiu. — To  one  who  has  never  studied 
B  mochaniBm  of  a  watch,  its  tnain-npring  or  the  balance-wheel 
is  a  mere  piece  of  metal.  He  may  have  looked  at  the  face  of 
the  watcb,  and,  while  ho  admires  the  motion  of  its  hands,  and 
tlie  time  it  keeps,  or  ihe  tune  it  plays,  he  may  have  wondered  in 
idle  amazement  as  to  the  character  of  the  machinery  which  is 
coooealed  within.  Take  it  to  pieces,  and  show  him  each  part 
sepantely;  be  will  recognize  neither  design,  nor  adaptation,  nor 
relatian  between  them  :  but  put  them  together,  set  ibi'm  to  work, 
point  out  the  offices  of  each  spring,  wheel,  and  cog.  explain  iheir 
movementa.  and  tlieii  show  him  the  result;  now  he  perceives 
tluit  it  is  all  me  design ;  tha%  notwilhslanding  the  number  of 
partA,  their  diverse  forms  and  varioas  offices,  and  the  agents  con- 
cerned, the  whole  piece  is  of  one  thought,  the  expression  of  one 
idea.  He  now  rightly  concludes  that  when  the  main-spring  was 
fufihioned  and  tempered,  its  relation  to  all  the  other  jiaiU  must 
have  been  considered  :  that  the  cogs  on  this  wheel  ai«  cut  and 
regulated — adapted— to  the  ntchetH  on  that,  &c. :  and  his  linal 
oonclob-ion  will  be,  that  such  a  piece  of  mechanism  could  not 
have  been  produced  by  chance ;  for  the  adaptation  of  the  part5 
is  such  tte  Ui  show  it  to  be  according  to  design,  and  obedient  to 
the  will  of  una  intelligeuce.     So,  too,  when  one  looks  out  upon 

^^ft  face  of  ihisbeautiful  World,  he  may  admire  its  lovely  ecenery. 
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but  his  admiration  can  never  grow  into  adoratiun  nnlera 
take  the  troubic  to  louk  behind  ftud  study,  in  some  of  its  details 
at  least,  ibe  exquisiie  system  of  machinery  by  which  such  beau- 
tiful results  tsti  brought  nbuut.  To  him  wlio  doeu  this,  the  eat, 
with  its  ph}'Biual  g[;ugraphy.  becomes  aa  the  niHin-KpnnK  of  k 
watch :  its  watens,  imd  its  ourrente,  and  ila  salt,  and  its  iobabit- 
ants,  wilh  their  adiiptutioiiB.  as  balauoe- wheels,  cogs,  and  piuiouB, 
and  jewels  in  the  terrestrial  niechanisiu.  ThuH  he  perceivi.-8  that 
they  too  are  acoording  to  design — [iiirta  of  the  phyBioal  macliineiy 
that  are  the  expreeiiiiin  of  One  Thoughl, — -a  unity,  with  har- 
monies which  One  Intelligence,  and  One  Tntelligonce  alont^ 
oould  utter.  And  when  he  has  anived  at  this  point,  then  be 
feela  that  the  study  of  the  sea,  in  its  physical  aspects,  is  truly 
sublime.  'It  elevates  the  mind  and  ennobles  the  man ;  for  "  His 
gentleness  makes  "  it  great.  The  Gulf  titream  is  now  no  loogaTi 
therefore,  to  bo  regarded  by  such  a  one  merely  as  an  immense 
current  of  warm  water  running  across  the  ocean,  but  as  a  biilance- 
wheel — a  part  of  that  grand  machinery  by  which  air  and  wnter 
are  adajited  to  euoli  other,  and  by  which  tliia  earth  itself  is 
adapted  to  the  welbbeing  of  itu  iiJiabitants— of  the  flont  which 
deck,  and  the  fauna  which  enliven  its  eurfaci.'. 

use.  MhTiOROLooY  OF  THE  sea;  Golf  Stream  the  weaiher-brefder 
—iU  ttorma—Ihe  great  kurriauie  of  17S0. — Let  us  now  consider  lbs 
JnfiuMce  of  Ihe  Qui/  Stream  ujwn  llie  Meteorology  of  (Jib  Ocoan.  To 
nse  a  sailor's  expression,  the  Gulf  Stream  is  the  great  "  weulher- 
bi'eeiler  "  of  the  North  Atlantic  Ocean.  The  most  furious  giJea 
of  wind  sweep  along  with  it;  and  the  fuga  of  Newfoundtond. 
whiuh  8(1  much  eudauger  navigation  in  Bpring  and  summer, 
doubtless  owe  their  existence  to  the  presence,  in  that  cold  aea,  of 
ijnroeDse  vidnmes  of  warm  water  brought  by  the  Gulf  Stream. 
Sir  I'hilip  Brooke  found  the  temperature  of  the  air  on  «ich  side 
of  it  at  the  freezing-point,  while  tliat  of  it»  waters  was  80°. 
"The  heavy,  warm,  damp  air  over  the  current  produced  great 
irrc^larities  in  his  chronometers."  The  excess  of  heat  daily 
brought  into  such  a  region  by  tlie  waters  of  the  Gulf  Stream 
would,  if  suddenly  striokou  from  them,  bo  sufHeient  to  make  the 
column  of  siiperincnnibeni  atmosphere  holler  than  melted  iron, 
\\  ith  such  an  element  of  atmospherical  disturbance  in  itI^  bosom, 
we  might  oipeot  utorma  of  the  most  violent  kind  to  accompany  it 
iu  its  course.  Accordingly,  the  most  terrific  tlmt.  rage  on  the 
1  luvB  bttun.  Imciwa  In  speud  tiudi  £aiy  willuu  ui  uim^  i|^ . 
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borders.  Of  nil  Ktorms,  the  hurricanes  of  tlit>  ^Vc■t  Iniliusand 
Uui  typhoonij  1)1'  till'  Chiiiu  aeatt  cauim  the  moat  bhijis  to  tbuudor. 
The  btuntvBl  meii-of-ivar  go  down  before  Ihciu,  and  eoldum,  in- 
deed, is  any  uuu  uf  the  cii-w  left  lo  tell  the  tale.  Of  tliis  tliD 
Humut,  the  AllMny,  and  tUu  Graiiipuit,  uriiiL'd  <.-rtiit;erH  in  the 
Amoricim  navy,  all  are  memorable  and  ueluucliuly  exumplee. 
Our  nautieiil  works  tcU  us  of  a  WuKt  India  hniTicane  so  viulent 
Uiat  it  I'ureed  tha  Gulf  Strtium  back  to  it«  sources,  and  piled  up 
the  water  in  the  Gulf  t<i  the  height  uf  tliirty  feet.  The  Ledbury 
Snow  fittempted  to  ride  it  out.  V\hen  it  abHtod,  bhe  found  her- 
eelf  liigh  up  on  tbe  dry  land,  and  discovered  tbat  she  had  let  gu 
her  anchor  among  the  tree-tops  on  Elliott's  Key.  The  Florida 
Keys  were  inunduted  uiany  feet,  and,  it  is  said,  the  ticenc  pre^ 
senteil  in  tbe  Gulf  Stream  was  never  surpn-snod  in  uwful  sub- 
limity on  the  ooean.  The  water  thui<  dammed  np  niahed  out 
with  frighlfid  velocity  against  tbe  fury  of  the  gale,  producing  a 
sea  that  beggared  description.  The  "great  hurricnuo  "  of  1780 
commeneed  in  Barbudaes.  lu  it  tbe  biiik  was  biown  from  tbe 
trees,  and  the  fruits  of  the  earth  det-troyed ;  tbe  very  botiom  and 
depths  of  tbe  sea  were  uprooted,  and  the  wavfs  rose  tv  such  a 
height  that,  forts  und  cutties  were  washed  away,  and  tbuir  great 
guns  carried  about  in  the  air  like  chaff;  ht-usea  were  razed; 
ships  wrecked ;  and  the  bodies  of  men  and  beasts  lifted  up  in 
tlie  air  and  dnrlit^d  to  pieoes  in  tbe  stomi.  At  the  different 
islands,  not  lesK  than  twenty  thousand  persons  lust  their  lives 
on  shore,  while  fartboT  t»  the  north,  the  "Stirling  Castle"  and 
the  "  Dover  t'aslle,"  Bi  Itinb  men-of-war,  went  down  «t  sea,  and 
fifty  sail  were  driven  on  shore  at  tbo  Bermudas. 

mr,  Inqairie*  ingHtalmi  by  the  Admimllg. — Several  yoaw  ago 
ibe  British  Admiralty  cet  nu  foot  inquiries  «8  lo  llie  cause  of  tlie 
storms  in  certain  parts  of  the  Atlantic,  wbich  so  nfiun  ni^  willi 
disiuttrous  effects  to  navigation,  'llie  result  may  be  summed  up 
iu  the  conolmiion  to  whieb  the  investigation  led :  that  they  Ate 
occosiouod  by  the  irregularity  between  the  temperature  of  the 
Onlf  Stream  and  of  tbe  neighbouring  regions,  both  in  the  air  and 

168.  lite   moat  atormi)  (tea.— The    southern    points    of  South 

Amert'^a  and  Afriut  have  won  Igr  themselves,  among  seamen, 

the  name  of  "  the  siormy  capes  ;"  but  investigations  cari'ied  on 

^a  tliat  mine  of  scu-lorc  contained  in  tbe  log-books  at  the  Nationiil 

^^■Krvaiory   at    Waahingtuu,    have    ^boivn  that  ihi'ie  is  not  n 
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Btorm-find  in  the  wiile  dcena  can  out-top  that  whicli  ragos  along 
the  Atlantic  coasts  of  Norlli  j\jnerica.  The  China  eeas  and  llie 
North  Pftcifio  may  vie  in  the  fii:j  of  their  gales  with  this  port  d 
the  Atlantic,  bnt  Cape  Horn  and  the  Cape  of  Good  Hope  caimof 
equal  them,  certainly,  in  frequency,  nor  do  I  believe  in  fury. 

169.  Nitrihem  »ea»  vwre  boinierutu  tJian  eoH/iem.— In  the  ex- 
tropical  regions  of  the  south  yve  lack  those  contrasts  which  tho 
moantains.  Ihe  deserts,  the  plnins.  the  euntinents,  and  the  se4u< 
of  the  north  afford  for  the  production  of  atmospherical  disUixb- 
iinces.  Neither  have  we  in  the  southern  sens  such  contnist*  of 
Lot  and  cold  currents.  The  flow  of  wann  water  towards  ILe 
pole,  and  of  polar  water  towards  the  equator,  is  as  great ^pertap* 
if  measured  according  to  volume,  ia  greater  in  the  soiitheni 
hemisphere.  But  in  the  southern  hemi^pLt-m  tlie  currents  lire 
broad  and  sluggish  ;  in  the  northern,  narrow,  sharp,  and  strong. 
ITicn  we  have  in  the  north  other  climatic  contrasts  for  which  we 
may  search  southern  seas  in  vain.  Hence,  without  further 
iiivestigatiiin.  we  may  infer  southern  seas  to  be  loss  boisterous 
than  noi'theiii. 

170.  Star™  in  the  North  Athnlie  and  Paeijie.— By  a  like 
reasoning  we  may  judge  the  North  Pacific  to  be  less  buistorous 
than  the  North  Atlantic ;  for,  though  wo  have  continental 
climates  on  either  side  of  each,  and  a.  Gulf  Stream  in  both,  yet 
the  Pacific  is  a  very  much  wider  sea,  and  its  (iulf  Stiiiam  is  (S  54) 
not  so  warm,  nor  so  sharp,  nor  so  rapid;  thercfoi'e  the  broad 
Pacific  does  not,  on  the  whole,  present  the  elements  of  atmo- 
upherical  ilisturhance  in  that  compactness  which  is  so  etiiking 
in  the  narrow  North  Atlantic. 

171.  Slonm  aivng  ikcir  lecntent  s/iores.— Nevertheless,  thou^i 
the  North  Pacific  generally  may  not  be  so  stormy  as  the  NorUi 
Atlantic,  we  have  reaaon  to  believe  that  meteorological  agents  of 
nearly  equal  power  are  clustered  along  the  western  shores  of 
oach  ocean.  Though  the  Gulf  Stream  of  the  Pacific  is  not  ao 
hot,  nor  the  cool  littoral  currents  so  cold,  as  those  of  our  ooeau 
are,  yet  they  lave  the  shores  of  a  broader  continent,  and  hug 
them  quite  as  closely  as  ours  do.  Moreover,  the  Japan  t'lirrent, 
with  its  neighbouring  sens,  is  some  £00  miles  nearer  to  the  pol« 
of  maximum  cold  than  the  Gulf  Stream  of  the  Atlantic  is.  Groat 
prominenoe  in  the  brewing  of  stortus  is  to  be  given  to  tho  latent 
heat  which  is  set  free  in  the  air  when  vapour  is  condensed  into 
rain.    The  North  Pacific  being  broader  than  the  North  Atlaotii 
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snppUes  itA  slioree  (§  283)  more  abnudMitlj'  with  vupour  ttiftii 
the  NortK  Atlantic  dkiea.  Tliis  no  doul>t  UHsists  to  make  furious 
and  more  frequent  the  storms  of  the  North  I'noifio. 

1 72.  Patiliim  of  the  poles  of  maximum  cold,  and  their  influence 
upon  the  meteorology  of  thete  line  oceans. — Some  philosopheis  hold 
tLat  tliere  on*  in  the  uortbem  hemisphere  two  jiules  of  moiimnm 
coid  :  the  Asiatic,  near  the  intereection  of  tho  parallel  of  80°  with 
the  meridian  of  120''  E.,  and  the  American,  near  lat.  79°  and 
long.  100°  \V.  Tlie  Asiatic  pole  is  the  colder.  The  distance 
between  it  and  the  Japan  Current  in  about  IhOO  miles;  tho 
distance  between  tho  other  poJe  and  tho  Gnlf  Stream  is  about 
2Ci<>0  miles.  The  bringing  of  the  heat  of  summer,  ns  these 
two  streams  do,  in  suuli  close  jnxtaposition  wilh  the  cold  of 
winter,  cannot  fail  to  produce  violent  commotions  in  the  atmo- 
sphere, 1'hcse  commotions,  as  indicated  by  the  storms,  are  lor 
more  frequent  and  violent  in  winter,  when  the  contrasts  between 
the  worm  and  cool  places  are  greater,  than  they  arc  in  Enmmer, 
when  those  contrasts  are  least.  Moreover,  each  of  those  poles  is 
In  the  north-west  of  its  ocean,  the  quarter  whence  come  the  most 
terrific  gales  of  winter.  WTiatcver  be  the  esaot  degree  of 
iuSueuce  which  future  research  may  show  lo  be  excroisod  by 
these  cool  places,  and  the  heat  dispensed  so  near  them  by  these 
■nighty  streamii  of  tepid  water,  tlioro  is  reason  to  believe  that 
they  do  act  and  react  upon  e-ach  other  with  no  inconsiderable 
metimrological  power.  In  winter  the  Gulf  Strcnm  carries  the 
temperature  of  summer  as  far  north  as  the  Grand  Banks  of 
N  e  wfonudtand. 

173.  Climatai  of  England  and  tilotr  foijs  of  Jfetefoandland. — The 
habitoal  dampncBS  of  the  climate  of  the  Briliah  Islands,  aa  well 
as  the  occasional  dampness  of  that  along  tho  Atlantic  coasts  of 
the  United  States  when  easterly  winds  prevail,  is  attributable 
also  to  the  Gulf  Stream.  These  winds  come  to  ns  loaded  with 
vapoirrs  gathered  from  its  warm  and  smokiug  waters.  The  Gnlf 
Stream  carries  the  temperature  of  summer,  even  in  the  dead  of 
winter,  as  far  north  as  the  Grand  Banks  of  Newfoundland,  and 
there  maintains  it  in  the  midxt  of  the  severest  frosts.     It  is  tho 

EnrBKenoo  of  this  warm  water  and  a  cold  almoaphere  in  jnsta- 
on  there  which  gives  rise  to  the  "silver  fogs"  of  New- 
land,  one  of  tho  moHt  boantiful  phenomena  to  be  seen 
here  among  tho  treaKures  of  tho  frost-king, 
f.  It\fiueHCts  iipon  ttoriM. — The  iufiucuco  which  tho  Gulf 
- 


OE00B*PHY  OP  THB  B 


i    HETEOROLOOT. 


66 

Slroatn  exercises  upon  tlie  etorma  of  tlie  North  Atlantic,  whidi 
take  their  rise  within  the  tropics,  is  felt  aa  far  over  oveu  as  the 
agast  of  Africa:  it  is  also  felt  upon  tJiose  which,  tSiough  not 
intertropical  in  their  origin,  are  known  to  visit  the  offitigs  of  ibe 
Amerioaa  coasts.  These  gales,  in  whatever  part  of  tiie  D[:eaii 
east  of  the  Gnlf  Stream  they  take  their  rise,  march  (o  the  north* 
west  until  they  join  it,  when  they  "  recurvate,"  as  the  phrase  is, 
and  fake  up  their  line  of  march  to  the  north-east  along  with  it. 
Galos  of  wind  have  been  traced  from  latitude  10"  N,  on  the  other 
side  of  the  Atlantic  to  the  Gulf  Stream  on  this,  and  tiien  with  it 
book  again  to  the  other  side,  off  the  shares  of  Europe.  Bj 
examining  the  log-booka  of  ships,  the  tracks  of  storms  have  been 
traced  out  and  followed  for  a  week  or  ten  days.  Their  path  is 
marked  by  wreck  and  disaster.  At  a  meeting  of  the  American 
AEsooiation  for  the  Advancement  of  Science,  iu  lSo4.  Mr. 
Bed&eld  mentioned  one  which  be  had  traced  out,  and  ia  which 
no  less  than  seventy  odd  vessels  bad  been  wrecked,  dismastadi 
or  damaged, 

175.  S[oTeiib»ervaHtmtinattdahoutlhe6vl/SfTeamad( 
Now,  what  should  attract  these  storms  to  the  Gnlf  Stream, 
question  whioh  yet  remains  to  be  satisfactorily  answered. 
good  series  of  simultaneous  barometric  observations  wilhin  an3 
on  either  side  of  the  Gulf  Stream  is  a  great  desideratum  in  tlie 
meteorology  of  the  Atlantic.  At  the  equator,  where  the  trade- 
winds  moot  and  ascend,  where  the  air  is  loaded  with  moisture, 
and  where  the  vapour  from  the  warm  waters  below  ia  condensed 
into  the  equatorial  cloud-ring  above,  we  have  a  low  barometer, 

170.  Certain  ttorms  make  for  it  and  foUotB  it. — How  is  it  with 
the  Gulf  Stream  when  these  storms  from  right  and  left  burst  in 
upon  it,  and,  turning  about,  course  along  with  it?  Its  wntera 
are  warm ;  they  give  off  vapour  rapidly ;  and,  were  this  v 
visible  to  an  observer  in  the  moon,  ho  no  doubt  would, 
winter's  day  especially,  be  able  to  trace  out  by  the  mist  in 
air  the  path  of  the  Gulf  Stream  through  the  sea. 

177.  How  aqueous  vapour  tueitU  t'n  producing  tmnd*. — Li 
consider  the  effect  of  vapour  upon  winds,  and  then  the  impurt- 
anoe  of  the  observations  proposed  {§  175)  will  perhaps  be  bott«r 
appreciated.  Aqueous  vapour  assists  in  at  least  five,  perhaps 
six,  ways  to  put  air  in  motion  and  produce  winds.  (1.)  Bj 
evaporation  the  air  is  cooled  ;  by  cooling  its  specific  gravity  is 
changed,  and,  consequently,  here  is  one  cause  of  movement  {ftj 
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the  air,  as  is  nmnifust  in  the  tendency  of  the  cooled  air  to  flon 
off,  and  of  warmer  aad  lighter  to  take  its  place.  (2.)  Excepting 
hydrogen  and  ammonia,  there  is  no  ga«  so  light  as  aqneona  vapour, 
il8  weight  being  to  common  air  in  the  proportion  of  nearly 
5  to  8  i  consequently,  as  soon  as  it  is  formed  it  commences  to 
rise ;  and,  as  each  venicle  of  vaponr  may  be  likened,  in  the 
movemente  which  it  produces  in  the  air,  to  a  balloon  as  it  rises, 
it  will  be  readily  perceived  how  these  vaporons  particles,  as 
they  ascend,  become  entangled  with  those  of  the  air,  and  so, 
carrying  them  along,  npward  cnrronts  are  produced :  thus  tlie 
wind  is  called  on  to  nitb  in  below,  that  the  supply  for  the  npward 
movoment  may  be  kept  up.  (3.)  The  vapour,  being  lighter  than 
air,  presses  it  out,  and,  as  it  wore,  takes  its  place,  causing  the 
barometer  to  fall :  thus  again  an  in-nish  of  wind  is  called  for 
below.  (4.)  Arrived  in  the  clond-rogion,  this  vapour,  being 
jondensed,  liberates  the  latent  heat  which  it  borrowed  from  the 
lir  and  water  below ;  which  heat,  being  now  set  free  and  mode 
sensible,  raises  the  temperature  of  the  surrounding  air,  causing 
it  to  expand  and  ascend  Gtill  higher ;  and  so  winds  aro  again 
called  for.  Ever  ready,  they  corner;  thus  we  have  a  fourth  way. 
(5.)  Innuraorable  rain-drops  now  begin  to  fall,  and  in  lhci» 
descent,  as  in  a  heavy  shower,  they  displace  and  press  the  sir 
out  below  with  great  force.  To  this  cause  Espy  iiBcribes  the- 
gusts  of  wind  which  are  often  found  to  blow  oatwaid  from  the 
centre,  as  it  were,  of  sudden  and  violent  thuuder-Hbowers. 
(6.)  Probably,  and  especially  in  thunder-storiDs,  electricity  may 
assist  in  creating  movements  in  the  atmosphere,  and  so  make 
claim  to  be  regarded  as  a  wiud-produciug  agent  But  the  winds 
ore  supposed  to  depend  mainly  on  the  power  o£  agents  (2),  (3), 
and  (4)  for  their  violence. 

1T8.  A  eiannel  of  rarefied  ear  in  the  almogphere  ond  over  Oie  Qaij 
Stream. — These  agents,  singly  and  together,  produce  rnreiaction, 
dimiuiith  prcssura,  and  call  for  an  inward  rush  of  air  from  either 
aide.  Mr.  Espy  at^serls,  siul  quotes  actaal  observation  to  sustain 
the  asserlion.  that  the  storms  of  t)ie  United  States,  even  those 
which  iinKO  in  the  Mississippi  Valley,  travel  east,  and  often 
march  out  lo  sea.  where  they  Join  the  Gnlf  Stream  in  its  course. 
That  those  which  have  their  origin  at  sea.  on  the  other  side  of 
the  Gulf  Stream,  do  (3  174)  ofl«n  make  right  for  it,  is  a.  fact  well 
faiown  to  seamen.  TIjc  Gulf  Stream  from  Uemini  to  the  Qrand 
kka  is  constantly  sending  up  volumca  of  steam ;  tliis,  bein)* 
iter  than  air,  produces  a  channel  way  of  rarefied  air  thronglv 
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the  atmosphere,  as  it  ^vnoils  along  the  course  of  the  etreua. 
latent  heat  of  this  vapour  when  it  is  sol  free  protlurcB  k  a 
greater  rarefactiou,  so  that  we   may  imagine   there  is  i 
atmoBphere   a  sort  of  cast  of  the  Gulf  Stream,  in  whit 
barometer  often  stands  low,  and  into  which,  as  into  the  e 
noctial  calm  belt  (§  175),  the  wind  often  blows  from  botli  s 
In  tltis  fact  is  probably  to  be  found  an  explanation  of  Hm  t 
nomena  alluded  to  above,  viz. :  that  certain  storms,  botli  ii 
Atlantic  and  iu  the  United  States,  invariably  make  for  tbe  C 
Stream,  and,  reaching  it,  turn  and  follow  it  ii 
times  entirely  across  the  ocean.     Hence,  the  interest  1 
attached  to  a.  proper  series  of  observations  on  the  meteoro 
the  Gulf  Stream. 

179.  Slorrm  of — dreaded  by  teamen. — Sailors  dread  il 
more  than  they  do  the  storms  in  any  other  part  of  the  o 
is  not  the  fury  of  tbo  storm  alone  that  ihey  dread,  but  it  il 
"ugly  sea  "which  these  storms  raise.     The  current  of  the  s' 
running  in  one  direction,  and  the  wind  blowing  in   i 
create  a  sea  that  is  often  frightfuL 

180.  Boulet  farmerhj  governed  by  the  Old/  Stream. — The  ' 
of  the  Stream  upon  emiimeree  and  navigatiun. — Formerly  the  C 
Stream  controlled  commerce  across  the  Atlantic  by  goTem 
veesels  in  thoir  routes  through  this  ocean  to  a  greater  < 
than  it  docs  now,  and  simply  fur  (he  reason  that  ships  are  fi 
nautical  instnimcnts  better,  and  navigators  are  more  ekilfnl  d 
than  formerly  they  were. 

181.  DifficoJIice  nith  early  naeigatorg. — Up  to  the  close  c 
last  century,  the  navigator  gueteed  as  much  as  he  eaictdaled  4 
place  of  his  ship;   veKBula  from  Europe  to  Boston  freqttei^ 
made  New  York,  and  thought  the  landfall  by  no  means 
Chi-onometers,  now  bo  accurate,  were  then  an  osperiment. 
Nautical  EphemeHs   itself  was  faulty,  and  gave  tables  which 
involved  errors  of  thirty  miles  in  the  longitude,     Tlje  instru- 
ments of  navigation  errod  by  degree*  quite  as  much  as  they  now 
do  by  minates ;  for  the  rude  "  cross  staff"  and  "  bach  staff,"  the 
"sea-ring"  and  "mariner's  bow,"  had  not  yet  given  plaoe  to 
the  nicer  sextant  and  circle  of  reflection  of  the  present  day. 
Instances  are  numerous  of  vessels   navigating  the  Atlantic  i 
ttiose  times  being  (i°,  8^,  and  even  10°  of  longitude  out  of  I 
reckoning  in  as  many  days  from  port. 

182.  Finding  longitude  by  the  Qui/  Stream. — Though  navjgatd 
liad  Iwen  in  tlie  habit  of  croHninc  ami  lucrnssing  the  Gulf  & 
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ost  daily  for  three  centurieB,  it  never  ocourred  to  tltem  to 
e  use  of  it  as  a  means  of  giving  thum  their  loiigitndo,  and  of   . 
warning  them  of  their  appronch  to  tio  ahores  of  this  continent 
Dr.  Franklin  was  tlis  first  to  suggest  this  hhg  of  it.     Tho  contrast 
afforded  by  the  temperature  of  its  watei-s  and  that  of  the  sea 
_-<^between  the  Stream  and  the   sliorea  of  America  wna  striking. 
e  dividing  line  between  the  warm  and  the  cool  waters  vtbh 
'  (§ '^'^)'  ^^^  ^^'B  dividing  line,    espediilly  that  on  the 
Betent  side  of  the  Btroam,  seldom  changed  its  position  us  much 
■  longitude  as  mariners  (ifton  erred  in  their  reckoning. 
1.  183.  Folger'g  Chart. — When  ho  was  in  London,  in  1770,  lie 
Ikppened  to  bo  cuminlted  as  to  a  memorial  which  the  Board  of 
IB  at  Huston  sent  to  the  Lords  of  the  Treaeury,  stating  that 
6  Falmouth  Packets  were  generally  a  fortnight  longer  to  Boston 
1  common  traden  wore  from  London  to  Providence,  Ithode 
Hbland.     They  therefore  asked  that  the  Falmouth  packets  might 
ba  sent  to   Providence   instead   of  to  I^oslon.     This  appeared 
strange  to  the  doctor,  for  London  was  much  farther  than  Fal- 
mouth, and  from  Falmouth  the  routes  were  the  same,  and  the 
difieronce  should  have  been  the  other  way.    Ho.  however,  con- 
Bulted  Captain  Folger,  a  Nantucket  whaler,  who  chanced  to  bo  in 
London  also;   the  old  fisherman  explained  to  the  philosopher 
_  «*■»'■  the  diilerenoo  arose  from  the  circumstance  that  the  Rhode 
1  C8))tains  were  acquainted  with  the  Gulf  Btream.  while 
a  of  the  English  packets  wens  not.     The  latter  kept  in  it, 
i  were  set  back  sixty  or  seventy  miles  a  day,  while  the  former 
roided  it  altogether.    Ho  had  buon  luade  occjitainted  with  it  by 
llie  whoJoa  which  wore  found  on  either  side  of  it,  but  never  in 
t  (§  ISS),     At  the  request  of  the  doolor,  he  there  ti'accd  on  a 
t  th«  coarse  of  thin  sticam  Cri>m  tlie  Straits  of  Florida.     1'ha 
Klor  bod  it  engraved  at  Tower  Hill,  and  sent  copies  of  it  to 
D  Falmouth  captains,  wfao  paid  no  attention  to  it.     Ihe  ooni'so 
f  the  Gulf  Stream  as  laid  down  by  that  fisherman  from  tiiii 
Ural  recollection  of  it,  has  been  retained  and  qnotcd  on  t)ie 
B  fornavigation,  wemay  aay,nntil  the  present  day.    Bui  the 
Batigationa  of  which  we  ore  treating  are  beginning  to  throw 
lore  light  upon  this  ftnbjcot :  they  are  giving  us  _moi-6  correct    ' 

wledge  in  every  ruspeot  with  ivgard  to  it,  and  to  many  other 
Ifiw  and  striking  fentureK  in  tho  physical  geography  of  the  ei 
t  IM.  Utiag  ihv  Ovlf  'str«itm  in  winter.— Ho  pait  of  the  world    I 
"tbrds  a  mure  diflicuU  or  dangerous  navigation  than   the  ap-    I 
^ca  of  lh«  North  American  ooutt  in  winter.     Before 
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^varmtll  of  the  Gulf  Stream  was  known,  a  voyage  at  this 
from  Europe  to  New  England,  New  York,  and  even  to  the 
of  the  Delaware  or  Chesapeake,  was  many  times 
(LifQcult,  and  dangerous  than  it  now  is.     In  making  this 
the  coast,  veBsels  are  frequently  met  by  Buow-Btorms  and  gait 
which  mook  the  seaman's  strength  and  set  at  naught  bis  skilL 
In  a  little  while  his  bark  hecomes  a  mass  of  ice ;  with  her  crev^ 
trusted  and  helpless,  she  remaiDS  obedient  only  to  her  helm, 
is  kept  away  for  the  Gulf  Stream.     After  a  few  hours'  nm 
reaches  its  edge,  and  almost  ot  the  next  bound  passes  fiom 
midst  of  winter  into  a  sea  at  sunimer  heat.     Now  the  ice  dieap^ 
pears  from  bor  apparel :  the  sailor  bathes  bis  stiffened  limbs  in 
topid  waters ;   feeling  himself  invigorated  and  refreshed  with 
the  genial  warmth  about  him,  ho  realizes,  out  there  at  sea,  the 
fable  of  Antteus  and  his  mother  Eartb.     lie  rises  up,  and  attempts 
to  moke  his  port  ^aia,  and  is  again,  perhaps,  as  rudely  met  and 
beat  back  from  the  north-west ;  but  each  time  that  bo  is  driven 
off  from  the  contest,  be  comas  forth  from  this  stream,  like  the 
acoient  son  of  Neptune,  stronger  and  stronger,  nntil,  afler  many 
days,  his  freshened  strength  prevails,  and  he  at  last  triumphs, 
and  enters  his  haven  in  safely,  though  in  this  contest  he  sol 
times  falls  to  rise  no  more,  for  it  is  terrible.     Many  ships 
founder  in  these  gales ;  and  I  might  name  instances,  for  they 
not  uncommon,  in  which  vessels  bound  to  Norfolk  or  Baltii 
with  their  crews  enervated  in  tropical  climates,  have  encounter 
as  far  down  as  the  Gapes  of  Yirginia,  snow-storms  that 
driven  tbem  back  into  the  Gulf  Stream  time  and  again,  and 
kept  tbem  out  for  foriy,  fifty,  and  even  for  sixty  days,  tryinj 
make  an  anchorage. 

185.  Bunning    toitth   to    spend  the    vnnter. — Nevertheless, 
]iresenco  of  tho  warm  waters  of  tbo  Gulf  Stream,  with 
summer  heat  in  mid-wintor,  off  the  sborcB  of  New  England, 
great  boon  to  navigation.     At  this  season  of  the  year  espeoii 
the  number  of  wrecks  and  the  loss  of  life  along  the  Atluntio 
front  aro  frightful.     The  month 'a  average  of  wrecks  has  been 
high  as  three  a  day.     How  many  escape  by  seeking  refuge  from 
the  cold  in  the  warm  waters  of  tho  Gulf  Stream  is  matter  of 
conjecture.     Suffice  it  to  say,  that  before  their  temperature 
known,  vessels  thus  distressed  knew  of  no  place  of  refuge 
of  the  West  Indies ;  and  the  newspapers  of  that  day- 
Fennsylvania  Gazette  among  them— inform  us  that  it 
uncommon  occurrence  for  vessels  bound  for  the  t'apea 
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Delaware  in  winter  to  be  blown  off  and  to  go  the  Wett  ludies, 
tiud  there  wait  for  the  roliim  of  spring  buroro  tliey  would 
ntlempt  Buotber  approach  to  this  part  of  tbo  coast. 

186.  Tliertaai  navigation. — Accordingly,  Dr.  Franklin's  dia- 
coTory  with  regard  to  the  Gulf  Stream  temperature  woa  looked 
upon  as  OQO  of  great  importance,  not  only  on  account  of  ita 
alFording  to  the  frosted  mariner  in  winter  a  oonveuieut  refuge 
&0U1  tlie  snow-Btorm,  but  because  of  its  serving  the  navigator 
with  a.n  excellent  land-tuavk  or  beacou  for  our  coast  in  all 
weatherH.  And  so  viewing  it,  the  doctor,  through  political 
considerations,  concealed  hia  diecovery  for  a  while.  The  prize 
of  20,0001.,  which  had  been  offered,  and  partly  paid,  by  the 
Britifih  government,  to  Harrison,  the  cJiroaoraetor  maker,  for 
improving  the  means  of  finding  longitude  at  sea,  was  fresh  in 
the  minds  of  navigators.  And  here  it  was  thought  a  solution  of 
the  grand  pi-obleui — for  longitude  at  sea  was  a  grand  problem — 
had  been  stumbled  upon  by  chance;  for,  on  approaching  tbe 
coast,  the  current  of  warm  water  in  the  Gulf  Stream,  and  of 
cold  water  on  Ibis  side  of  it,  if  tried  with  the  thermometer, 
would  enable  the  mariuer  to  judge  with  great  certainty,  and  in 
the  worst  of  weather,  as  to  his  position.  Jonathan  Williams 
ai'lerwords,  in  speaking  of  the  importance  which  the  thermal 
use  of  these  warm  and  cold  cuirenta  would  prove  to  navigation, 
pertinently  asked  the  question,  "  If  these  stripes  of  water  had 
been  distinguished  by  the  colours  of  red,  white,  and  blue,  could 
tbey  be  more  distinctly  disoovei'ed  than  they  are  by  the  constant 
use  of  the  tliermonieter  ?"  And  he  might  have  added,  oould 
they  have  marked  the  position  of  the  ship  more  clearly  ? 

187.  Commodore  Truxlon. — When  his  work  on  Thermometrical 
Navigation  appeared.  Commodore  Truittou  wrote  to  him:  "  Your 
publication  will  bo  of  use  to  navigacion  by  rendering  sea-voyages 
secure  far  beyond  what  even  you  yourself  will  immediately 
calculate,  for  1  have  proved  the  utility  of  the  thermometer  very 
often  since  we  sailed  together.  It  will  be  found  a  most  valuable 
instrument  in  the  bauds  of  mariners,  and  particularly  as  to  those 
who  are  unacquainted  with  astronomical  observations;  •  •  •  • 
these  particulurl}'  stand  in  need  of  a  simple  method  of  ascertain- 
ing tlieir  approach  to  or  distance  from  the  coast,  especially  in  the 
winter  eeusDU :  for  it  is  then  that  passages  are  often  prolonged, 
and  ships  blown    off  the    coast  by  hard   westerly  winds,  and 

Eget  into  the  Oiilf  Stream  without  its  being  known ;  on 
ftccotint  they  ato  often  hove  tu  by  the  captains  supposing 
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fhemsolvea  near  the  coast  wben  they  are  very  iiir  off  (han 
been  drifted  by  the  currents).     Ou  the  other  band,  sliips  1 
often  cast  oa  tbe  coaet  1>y  eailing  in  the  eddy  of  the  Stn 
which  cflussB  them  to  outran  their  common  reckoning,     ~ 
year  producer  new  proofs  of  these  facts,  and  of  the  o»lai 
incident  thereto." 

188.  The  ditcoverg  of  the  h!gh  temperature  of  the  Qidf  Stn 
lowed  hy  a  decline  in  Southern  commerce.— Though  Dr.  Fn 
dlBoovery  waa  made  in  177o,  yet,  for  political  reasons,  it"w 
generally  made  known  till  1700.  Jts  immediate  effect  i: 
gation  was  to  make  the  ports  of  the  Northern  States  as| 
cessible  in  winter  as  in  siunmer.  \\  bat  agency  this  circum 
had  in  thedeclineof  the  direct  trade  of  the  sonth,  which  foU 
this  discovery,  would  be,  at  least  to  the  political  eoonomia 
subject  for  much  cnrioua  and  intei'esting  epeculation. 
referred  to  tlie  (.'ommercial  tables  of  the  time,  and  have  compi 
the  trade  of  Charleston  with  that  of  the  northern  citieaf 
several  years,  both  before  and  after  the  discovery  of  Dr.  Frat 
became  geneinlly  known  to  navigators.  The  comparison  shows 
an  immediate  decline- in  the  Bouthom  trade  and  a  wonderfiil 
increase  in  that  of  the  north.  But  whether  this  discovon 
navigation  and  this  revolution  in  trade  stand  in  the  relatiofl 
cause  and  effect,  or  be  merely  u  coincidence,  let  others  ju< 

180,  Slatlgti<». — In  1769  the  commerce  of  the  two  C 
equalled  that  of  all  the  Now  England  States  together 
more   than    double  that  of  New   York,  and  exceeded  ' 
Pennsylvania   by  one-third.*     In  17D2,  the  esporta  from  ] 
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^    rk  amounleil  m  value   to  two   millions   aod  a  Lnlf;    from 
i     Qni^lvaiiti    to    K1820.0W;  and    from   Charleston    ulone,    (ci 

^MOIO       Bnt  m   17a5--by  which  timo  the  Gulf  Stream 
IB  to  be   as  well  nnderslood  by  DAvigatoi-s  as  it  now  is, 

I    the   average    pawagee   from    Eiiiope    to   the    north  were 

T-tenr^d   nearly  one-half,  while  thoEte  to  the  south  remained 
jihntit  lhe  same — the  cuHtomg  at  Philadelphia  alone  amonntei^  ' 
111  ^2,941.')0i),*  or  more  ihtyri  one-half  of  thoae  collected  in  all 
Ihe  Btaips  tiJgelher, 

190,  The  ihoTlening  of  coyage$. — Nor  did  the  effect  of  the 
doctor's  dincovery  end  here.  Before  it  was  made,  the  Qnlf 
Stream  was  altogether  insidiouB  in  ils  etfecte.  By  it,  vessels 
■were  often  drifted  many  miles  out  of  tlieir  course  without  know- 
ijig  it ;  and  in  bad  and  elondy  weatJier,  when  many  days  woHld 
intervene  from  one  observation  to  another,  ihu  eet  of  the  current, 
though  rcnlly  felt  bul  for  it  few  houra  dnring  the  interval,  oonld 
only  be  liroportioned  oot  equally  among  the  whole  nnmber  of 
days.  Tberefuro  navigators  could  have  only  voiy  vagne  ideau 
either  ne  to  the  strength  or  the  actual  limits  of  tiie  Gulf  bti'eani, 
until  th(iy  were  marked  out  to  the  Nantucket  &themion  by  the 
whalcB,  or  made  known  by  (.'optaia  Folger  to  Dr.  Fronkliu. 
The  discovery,  therefore,  of  its  high  temperatuie  assured  lie 
navigator  of  the  presence  of  a  current  of  surprising  velocity,  and 
which,  now  turned  to  certain  aocount,  -would  hoflten,  as  it^  had 
retarded,  his  voyage  in  a  wonderful  degree.  Such,  at  the  present 
day,  is  the  dogrco  of  porfeotioa  to  which  nnutieal  tables  and 
instrumeiilA  have  been  brought,  thnt  the  navigiLtor  may  now 
(letoot,  and  with  great  certainty,  every  current  that  thwarts  his 
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way.  He  makes  great  use  of  them.  General  Sabine, 
passage,  some  years  ago,  from  Sierra  Leone  to  New  York,  ^ 
drifted  one  tliijueand  six  hundred  miles  of  his  way  by  the  S 
of  currents  alone  ;  and,  since  the  application  of  the  thermom 
to  the  Oulf  Stream,  the  average  passage  from  England  haa  I: 
reduced  &om  uptvards  of  eight  weeks  to  a  little  more  than  fi 
•  Some  political  economiats  of  America  have  ascribed  the  f 
decb'ne  of  southern  commerce  which  followed  the  adoption  of  the 
Constitution  of  the  United  States  to  the  protection  given  by 
federal  legislation  to  northern  interests.  But  I  think  theee 
statements  and  figures  show  that  this  decline  was  in  no  small 
degree  owing  to  the  Gulf  Stream,  the  water-thermometor,  and 
the  improvements  in  navigation  ;  for  they  changed  the  relations 
of  Charleston — the  great  southern  emporium  of  the  tim 
removing  it  from  its  position  as  a  half<way  house,  and  placin 
in  the  category  of  an  outside  station. 

191,  The  Kope  of  these  retearehes.—The  plan  of  our  work  ti 
ns  necessarily  into  the  air,  for  tho  sea  derives  from  the  v 
some  of  Ihe  most  Btriking  features  in  ite  physical  geogi 
and  trom  the  air  all  of  its  meteorology.  Without  a  knowle^ 
the  winds,  we  can  neither  understand  the  navigation  of  I 
ocean,  nor  make  ouiselves  intelligently  acquainted  with  | 
great  highways  across  it.  As  with  the  land,  so  with  the  | 
some  parl«  of  it  are  as  untravelled  and  as  nnknown  as  the  { 
Amazonian  wilderness  of  Brazil,  or  the  inland  basins  of  C 
Africa.  To  the  south  of  a  line  extending  from  Cape  Horn  b 
Cape  of  Good  Hope  {Plate  VIII.)  is  an  immense  waste  of  w 
None  of  the  commercial  thoroughfares  of  tho  ocean  lead  throii^ 
it ;  only  the  adventurous  whaleman  finds  his  way  there  now  and 
then  in  pursnit  of  his  game ;  but  for  all  the  purposes  of  sdenco 
and  navigation,  it  is  a  vast  unknown  region.  Now,  were  ilie 
prevailing  winds  of  the  South  Atlantic  northerly  or  southerly 
instead  of  easterly  or  westerly,  this  unploughed  sea  would  bo  an 
oft-used  thoroughfare.  Kay,  mure,  tlie  sea  supplies  tho  ^ 
with  food  for  the  rain  which  Ihcso  busy  messengers  coa4 
away  from  tho  ocean  to  "  the  springs  in  the  valleys  which  J 
among  the  hills."  To  the  philosopher,  the  places  which  s 
tho  vapours  are  as  Biiggostive  and  as  interesting  for  the  instr 
tion  they  afford,  as  the  places  are  upon  which  the  vapours 
showered  down.  Therefore,  as  he  who  studies  the  physical 
geography  of  the  laud  is  expected  to  make  himself  acijuaiqj 
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CHAPTER  IV. 

200-268, — THE  ATMOSPHEBK. 


uiih  ihe  tvgioDs  tit  precipitation,  bo  be  wbo  looks  into  llie 
phyaicnl  gcognphy  of  the  seit  ehonld  search  for  the  regitms  uf 
evaporation,  aud  for  those  ^pnngs  in  the  ocean  which  euppty  lb« 
reservoirs  among  the  mountains  with  water  to  feed  the  riven; 
and,  in  order  to  conduct  this  search  properly,  he  must  coneult 
the  winds,  and  mate  himself  acqnainted  with  their  oiiruita. 
Hence,  in  a  work  od  the  I'hyBical  Geography  of  the  Sea  and  iia 
Meteorologj-,  we  treat  also  of  the  AmospHEEK. 

^^r  SOO.  lAkentd  to  a  mofhine. — There  is  no  employment  more 
^  Mmobling  to  roan  and  his  intellect  than  to  trace  the  evidences 
of  deeign  and  purpose,  which  are  visible  in  many  parts  of  the 
oreation.  Hence,  to  the  right-minded  mariner,  and  to  him  who 
etudiee  the  physical  relations  of  earth,  eea,  and  air,  the  atmo- 
sphere is  fiomething  more  than  a  ehoreless  ocean,  at  the  lx>ttom  of 
which  ho  creeps  along.  It  is  an  envelope  or  covering  for  the 
distribution  of  light  and  heat  over  the  surface  of  the  earth ;  it  is 
a  eewer  into  which,  with  everj-  breath  we  draw,  wo  cast  vast 
quantities  of  dead  animal  matter ;  it  is  a  laboratory  for  purifi- 
cation, in  which  that  matter  is  recompounded,  and  wrought 
t^oin  into  wholesome  and  healthful  shapes ;  it  is  a  muobinc  for 
pumping  lip  all  the  rivers  irom  the  sea,  and  for  conveying  the 
water  (S  191J  from  the  ocean  to  their  sources  in  the  mouniaius; 
it  is  an  inexhaustible  magazine,  marvollousty  stored.  Upon  the 
proper  working  of  this  machine  depends  the  well-being  of  every 
plant  and  animal  that  inhabits  the  earth.  How  iuteresling, 
then,  ought  not  the  study  of  it  to  be  1  An  examination  of  the 
,  uses  which  plants  and  animals  make  of  the  air  is  sufficient  to 
jify  any  reasoning  mind  in  the  conviction  that  when  they 
3  OMated,  the  necessity  of  this  adaptation  was  taken  into 
MUQt.  The  connection  between  any  two  parts  of  an  artificial 
liachine  that  work  into  each  other,  does  not  render  design  in  its 
ronstmction  more  patent  than  is  the  fact  that  the  great  atmo- 
spherical machine  of  our  planet  was  constmctcd  by  an  Architect 
I  bo  designed  it  for  certain  purjKises  ;  therefore  the  management 
tit,  its  movements,  and  the  performance  of  its  offices,  cannot  bo 
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left  to  chance.  They  arc,  we  may  roly  upon  it,  giiided  by  I) 
that  make  all  parts,  functions,  and  movements  of  thia  miLchi 
as  obedient  to  order  and  as  harmoaioueos  ore  the  piauets  io' 

201.  75*  air  and  the  ocean  governed  by  slalh  Imcs. — Any  extator 
nation  inlo  the  economy  of  the  nniverae  will  be  sQEGcient  to 
satisfy  the  well-balanced  mioilB  of  obsei-vimt  men  that  the  lam 
which  govotTi  tJio  atmoBphtre  and  the  laws  which  goyem  llw 
ocean  (§  IG4)  are  laws  which  were  put  in  force  by  the  Cre»1ot 
when  the  foundations  of  the  earth  were  laid,  and  that  therefore 
they  are  laws  of  order ;  elee,  why  should  the  Gulf  Stream,  for 
instance,  bo  always  whero  it  is,  and  mnning  from  the  Gulf  of 
Mesioo,  and  not  somewhere  else,  and  sometimes  running  into  it? 
Why  should  there  be  a  perpetual  drought  in  one  part  of  the 
world,  and  coatinual  Ehoweru  in  another?  Or  why  slioitld  the 
conacions  winds  ever  heed  the  voice  of  rebuke,  or  the  glad  nuvea 
ever  "  clap  their  hands  with  joy  ?" 

202.  Importance  of  observing  the  works  of  no/itre. — To  ono  wlio 
ti\<x^%  abroad  to  contemplate  the  agents  of  nature,  as  he  sees 

//  them  at  work  npon  our  planet,  no  expression  uttered  or  act 
U  performed  by  tliom  is  without  meaning.  By  such  a  ono,  the 
J  wind  and  rain,  the  vapour  and  the  cloud,  Ihe  tide,  the  current, 
1  the  saltness,  and  depth,  and  warmlb,  and  colour  of  the  sea,  tho 
shade  of  tho  sky,  the  temperature  of  the  air,  the  tint  and  ehap« 
of  the  clouds,  the  height  of  the  tree  on  tlie  shore,  the  siee  of  its 
loa\'cs,  tlie  brillionoy  of  its  Sowers — each  and  all  may  bo  r»- 
gaided  as  the  exponent  of  certain  physioal  oombiuationa,  and 
therefore  as  the  exprasEJon  in  whioh  Nature  chooses  to  announra 
her  own  doings,  or,  if  we  please,  as  the  language  in  which  she 
wiites  down  or  eleots  to  make  known  her  own  laws.  To  under- 
stand that  language  and  to  interpret  aright  those  laws  is  the 
object  of  the  undertaking  which  wo  now  have  in  hand.  No  ftict 
gathered  from  such  a  volume  as  tho  one  before  us  can  therefore 
oome  amiss  to  those  wbo  ti'ead  the  walks  of  inductive  philosophy; 
for,  in  tho  haadbook  of  nature,  every  such  fact  is  a  syllaUe :  and 
it  IB  by  patiently  collecting  fact  after  fact,  and  by  joining 
together  syllAhlo  after  syllable,  that  we  may  finally  seek  to 
road  aright  fi-om  the  great  vuliune  which  the  mariner  at  si 
well  sA  tho  philosopher  on  the  mountain  each  sees  spread  4 
bo  fore  him. 
20a.  Mat«ntUi/ot  Ma  eiofrfer.— Thm  hkva  been  > 
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the  Observatory  mora  than  a  milUon  of  observatioDB  on  the  force 
and  direction  of  the  winds  at  Bca,'  Tbo  diacussioL  of  BTich  u 
maes  cf  material  has  thrown  iiinoh  light  upon  the  circulation  of 
ihe  atmosphere ;  for,  as  in  the  ocean  (g  201),  so  in  the  air,  there 
is  a  regular  Fyatem  of  circiJation, 

204.  Different  bdti  of  mindit. — Before  we  proceed  to  describe 
this  system,  lot  ns  ixiint  oiit  the  principal  belts  or  bands  of  wind 
that  actual  observation  has  shown  to  exist  at  sea,  and  which, 
with  more  or  less  distinctness  of  outline,  extend  to  the  laud  alec, 
nnd  thus  encircle  the  earth.  If  we  imagine  a  ehip  lu  take  her 
depurtnre  from  Greenland  for  the  South  Shetland  Islands,  she 
wUl,  between  the  parnlk-h  of  60°  north  aud  south,  ctobk  these 
Kcveral  bauds  or  belts  of  winds  and  calms  nearly  at  right  angles, 
and  in  the  following  order: — (1.)  At  Betting  out  she  will  find 
herself  in  the  region  of  south-west  winds,  or  counter-trades  of 
the  north— called  counter  beoause  they  blow  in  the  direction 
whence  come  the  trade-winds  of  their  hemisphere.  (2.)  After 
croHBiiig  50°,  and  until  renehing  the  parallel  of  35*^  N,,  she  finds 
herself  in  tbo  belt  of  westerly  winds,  a  region  in  which  winds 
from  the  south-west  and  winds  from  the  north-west  contend  for 
the  mastery,  and  with  nearly  equal  persistency.  (3.)  between 
3,'>°  and  30°,  she  finds  herself  in  a  region  of  variable  winds  and 
calms  ;  the  winds  blowing  all  around  the  compass,  and  avGragiug 
about  three  months  from  each  quarter  during  the  year.  Oui 
fancied  ship  is  now  in  the  '•  horse-latitndes."  Hitherto  winds 
with  Keating  in  thom  have  been  most  prevalent;  but,  croBsing 
the  calm  bolt  of  Cancer,  she  reaches  latitudes  where  winds  with 
foMing  become  most  prevalent  (4.)  Crossing  into  these,  she 
enters  the  region  of  north-east  trades,  which  now  become  the 
prevailing  winds,  until  she  reaches  the  parallel  of  10°  N.,  and 
enters  the  ei]natorial  calm  belt,  which,  like  all  the  other  wind- 
bands,  holds  fluctuating  limits.  (5.)  Crossing  the  parallel  of  5° 
K.,  she  enters  where  the  BOuth-caat  trades  are  the  prevailing 
vrinds,  and  so  continue  until  the  parallel  of  30"^  S.  is  i-eachcd. 
(6.)  Here  is  the  calm  belt  of  Capricorn,  wbero,  as  in  that  of 
Cancer  (3),  she  c^ain  finds  herself  in  a  region  of  shifting  winds, 
light  airs,  and  calms,  and  where  the  winds  with  westing  in  them 
become  tlie  prevailing  winds.  (7.)  Between  the  parallels  of  'diP 
and  i(P  9.,  the  north-west  and  south-west  winds  contend  with 
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equal  power  for  the  laaBtery,  (8.)  Croa&ing  40°,  tho  ooanlei^ 
trades  (1), — Ilia  nortt-weat  winds  of  the  southoni  hcmiBphere,— 
become  the  prevailing  winds,  and  so  remain,  aa  far  as  our  obecr- 
vationa  at  sea  extend  towards  the  sontli  pole. 

Such  are  the  most  striking  movements  of  the  winds  at  tM 
surface  of  the  sea.  But,  in  order  to  treat  of  the  gcneml  eygUm 
of  atmospherical  oirculation,  we  should  consider  where  tfaon 
agents  reside  which  impart  to  that  system  its  dynnniical  forcft. 
They  evidently  reside  near  tho  equator  on  one  side,  and  about 
the  poles  on  the  other.  Therefore,  if,  instead  of  con6ning  oni 
attention  to  the  winds  at  the  surface,  and  their  reiativc  prevfr> 
lenco  from  each  one  of  the  four  quarlera,  we  direct  our  attentiou 
to  the  upper  and  lower  currents,  and  to  the  gmeral  movemembi 
boot  and  forth  between  the  equator  and  tho  poles,  wo  shall  be 
enabled  the  better  to  understand  the  general  itiovement«  of  thii 
grand  machine. 

205.  The  trade-mnd  belli. — ThuK  treating  the  subject,  ofami- 
vations  show  that  from  the  parallel  of  about  30°  or 
and  south  to  the  equator,  we  have,  extending  entirely  around^ 
earth,  two  zones  of  perpetual  winds,  vist.,  the  aoae  of  norths 
ttades  on  this  side,  and  of  Koulh-east  on  thai.  With  slT 
interruptions,  these  winds  blow  perpetually,  and  are  as  Btn 
and  as  constant  as  the  currenia  of  the  MiRsissippi  River,  atiJ 
moving  in  the  same  direction  (Plate  1.)  except  when  then^a 
turned  aside  by  a  desert  or  a  rainy  region  here  and  therq 
blow  as  monso<ins,  or  as  land  and  sea  breezes.  As  these  ^ 
main  currents  of  uir  are  constantly  flowing  from  the  iioles  tuw 
the  equator,  we  are  safe  in  assuming  that  the  air  which  ti 
keep  in  motion  must  return  by  gome  channel  to  the  ])lnci>  toward 
the  poles  whence  it  came  in  order  to  supply  the  trades.  If  this 
were  not  so,  these  winds  would  soon  exhaust  the  polar  regions 
of  atmosphere,  and  pile  it  up  about  tho  equator,  and  then  ceftM 
to  blow  fur  the  want  of  air  to  make  more  wind  of. 

20G.  The  relum  eurretU. — Thb  return  cnrrent,  therefore,  mud 
be  in  tho  upper  regions  of  the  atmosphere,  at  least  until  it  passes 
over  those  parallels  between  which  the  trade-winds  are  uKually 
blowing  on  the  surface.  The  return  current  mu«t  also  move  in 
the  direction  opposite  to  that  wind  the  place  of  which  it  is 
intended  to  supply.  These  direct  and  counter  currents  are  also 
made  to  move  in  a  sort  of  spiral  or  loiodrouic  curve,  turning  to 
tbo  west  as  tbey%ojrom  the  poles  to  the  equator,  and  in  tha 
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opposite  direction  as  tbey  move  from  the  eqnator  towards  tbo  poles. 
This  turning  is  caused  by  tlio  rotation  of  tLe  eordi  ou  its  axis. 

20T.  Effect  of  diurnal  rotation  on  the  courts  of  Ike  trade-toiitdt. — 
The  earth,  we  know,  moves  from  west  to  east.  Now  if  we 
imagine  a  particle  of  atmosphere  at  the  north  pole,  where  it  is  at 
reel,  to  be  put  in  motion  in  a  straight  line  towards  the  eqi:alor, 
we  can  easily  Hee  how  this  particle  of  air,  coming  from  the  Tciy 
axis  of  diurnal  rotation,  where  it  did  not  partake  of  the  diumal 
motion  of  the  earth  would,  in  consequence  of  its  tie  inertiie,  find, 
as  it  Ii-avels  south,  the  earth  slipping  from  under  it,  as  it  were, 
aud  thus  it  would  appear  to  be  coming  from  the  north-cast  and 
going  towards  the  aonth-weet;  in  other  words,  it  would  be  a 
north-east  wind.  The  better  to  explain,  let  us  take  a  common 
terrestrial  globe  for  the  illustration.  Bring  the  island  of 
Madeira,  or  any  other  place  about  the  same  parallel,  under  the 
brazen  meridian :  put  a  finger  of  the  left  hand  ou  the  place ; 
then  moving  the  finger  down  along  the  meridian  to  the  south,  to 
represent  the  particle  of  air,  turn  the  glube  on  its  axis  irom  west 
to  east,  to  represent  the  diomal  rotation  of  tho  earth,  and  when 
Hie  finger  reaches  the  equator,  stop.  It  will  now  be  seen  that 
the  place  on  thti  globe  ireder  the  finger  is  to  the  southward  anil 
westward  of  the  place  from  which  the  finger  Etarted ;  in  other 
words,  the  track  of  the  finger  over  llie  surface  of  the  globe,  liko 
the  track  of  the  particle  of  air  upon  the  earth,  has  been/rom  the 
northward  and  eastward.  On  the  other  hand,  wo  can  perceive 
how  a  like  particle  of  atmosphere  that  alarts  from  tho  equator, 
to  take  the  place  of  the  other  at  the  pole,  woidd,  as  it  travels 
north,  and  in  consequence  of  its  ws  tnerfiu,  be  going  towards  tho 
east  faster  than  the  earth.  It  would  therefore  appear  to  be 
h'uning^om  the  south-west,  and  going  towards  the  north-east 
and  exactly  in  tho  opposite  diiection  to  the  other.  Writing 
south  for  north,  the  same  takes  place  between  the  Eonth  pole  and 
tho  equator. 

208.  Tino  grand  aystena  of  eurrmU. — Such  is  the  process  which 
is  aclnally  going  on  in  nature  ;  and  if  we  take  the  motions  ot 
these  two  particles  as  the  t}i)e  of  the  motion  of  all,  we  shall  have 
an  illustmlion  of  the  great  currents  in  the  air  (§  304),  the 
eqoator  being  near  one  of  tho  nodes,  snd  there  being  at  least  two 
H^'slouis  of  currents,  an  upper  and  an  under,  between  it  and  each 
pole,  ([alley,  in  his  theory  of  the  trade  winds,  pointed  out  tho 
~     to  tho  explaiintiou,  so  lar,  of  tW  atmospherical  circulation; 
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bill,  were  the  esplonation  to  rest  lieio,  n  nortli-eost  truclc-wuil    ' 
extending  from  the  pole  to  the  equator  would  Batisfy  it ;  and 
were  this  bo,  we  Bhouid  Lave,  on  tlie  surface,  no  windis  bni  the 
north-ejwt  tmde-winds  on  this  Bide,    niid  none   but  eoulb-eut 
Irade-wiiidH  on  the  other  side,  of  Ihe  equator. 

209.  From  the  Pole  to  SO^-aSo.— Let  us  retura  now  to  onr 
northern  particle  (§  207),  and  follow  it  in  a,  rwnnd  from  the 
north  pole  acroBs  the  equator  to  the  south  pole,  und  hnck  ng&ia. 
^jetting  off  from  the  polar  roginus.  this  particle  of  air.  for  aonu 
ronaon  which  does  not  appear,  hitherto,  to  have  been  very  satM- 
fat'torily  explained  by  jiUiloBophera,  instend  of  travelling  (§  20B) 
on  the  enrface  all  the  way  from  the  pole  to  the  eqitator,  tmvels 
in  the  upper  regioua  of  the  atraosphero  until  it  gets  near  the  belt 
between  a(P-350.  Here  it  weets,  also  in  tho  clondfi,  the  byp<^ 
Ihetical  particle  that  is  coining  from  the  sonth,  and  going  nortli 
to  take  its  plnco. 

210.  The  "  horae  io/iiude*."— About  this  belt  of  30"-35''  north, 
then,  these  two  particles  press  ngaititit  oach  other  with  the  whol» 
amount  of  their  motive  power,  and  produce  a  calm  iind  Mt 
accumnlation  of  atmosphere :  this  accumitlatioo  is  >tiifBoiuut  to 
balanco  the  preaaure  of  the  two  cuiTenta  from  the  north  i 
south.  From  under  this  bank  of  calms,  which  seamen  call  j 
"  horse  latitudes,"  two  surface  cnrrentK  of  wind  are  cjeotM 
drawn  out ;  one  towards  the  equator,  as  the  north-ee  ^^ 
the  other  towards  the  pole,  as  the  south-west  '■  passage- win dv^ 
or  counter-trades.  These  winds  come  out  at  the  lower  surfnco 
of  the  calm  region,  and  consequently  the  pldce  of  the  air  borne 
away  in  this  manner  must  be  supplied,  we  may  infer,  by  down- 
ward currenta  from  the  superincumbent  lur  of  the  calm  regiou. 
Like  the  case  of  a  vessel  of  water  whicii  has  two  streams  from 
opposite  direclioaa  running  in  at  the  top,  and  two  of  equal 
lapacity  discharging  in  opposite  directions  at  the  bottom,  the 
motion  of  the  water  would  bo  downward ; — so  is  the  motion  of 
the  air  in  tliin  calm  iwne. 

213  ■  The  harometer  there, — The  barometer,  in  this  calm  rogion, 
etanda  higher  than  it  does  either  to  Ihe  north  or  to  the  boiiUi  of 
it;  and  this  is  another  profjf  as  to  the  accumulation  of  the 
atmosphere  here,  and  pressure  from  its  downward  motion.  And 
l)ecauBe  the  pressure  imder  this  calm  belt  is  gieater  than  it  is 
on  either  bide  of  it,  the  tendency  of  the  air  will  be  to  flow 
9nt  on  either  side;  therefore,  supposing  we  were  uulaughtb{f 
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ohHervation  aa  to  direction  of  the  wind,  reason  would  teaoh  us 
to  look  for  the  prevailing  winda  on  each  side  of  thia  oalm  belt  to 
\ie  friim  it. 

212.  77f«  eqaaiorial  calm  bdl. — Following  our  iuinginnry  pnrticlo 
of  air,  however,  from  the  north  across  this  calm  lielt  of  Cancer, 
we  now  perceive  it  moving  on  the  enrface  of  the  oarth  as  the 
north-oast  trade-wind;  and  as  guch  it  I'ontiunes  lill  it  arrives 
near  the  equator,  where  it  meets  a  like  hypothetical  particle, 
which,  Htarting  from  the  south  at  the  same  tine  the  other  started 
from  the  north  pole,  has  blown  as  the  south-«ast  trade-wind. 
Here,  at  this  e(]natorial  place  of  meeting,  there  is  anotlier  conflict 
of  winds  and  another  calm  region,  for  a  north-east  and  sonth-eoHl 
wind  cannot  blow  in  the  same  place  and  At  the  same  time.  The 
two  portioles  have  been  put  in  motion  by  the  same  power;  they 
meet  with  equal  force ;  and,  therefore,  at  their  place  of  meeting, 
they  are  arrested  in  their  course.  Here,  therefore,  there  is  a 
calm  belt,  as  well  as  at  Capricorn  and  Cancer.  Warmed  now  by 
iho  heat  of  the  Bun,  and  of  vapour  in  the  process  of  condensn- 
tiou,  and  pressed  on  each  side  by  the  whole  force  of  the  north- 
east and  sonth-eoBt  trades,  those  two  hypothetical  particles, 
taken  as  the  type  of  the  whole,  cease  to  move  onward  and 
ascend.  This  operation  is  the  reverse  of  thai  which  took 
place  at  the  meeting  (g  210)  near  the  belt  between  the  parallels 
of  30"-85'. 

213.  The  ealm  belt  of  Capricorn. — This  imaginary  particle  then, 
having  ascended  to  the  npper  regions  of  the  atmosphere  again, 
travels  there  counter  to  the  south-east  trades,  until  it  meet^, 
near  the  calm  belt  of  Capricorn,  another  particle  from  the  south 
pole:  here  there  is  a  descent  as  before  (S  210);  it  then  (§211) 
flows  on  towards  the  south  pole  as  a  surface  wind  from  the 
north- we»it. 

214.  The  polar  pn/nw  and  th-e  return  iTurrenf.— Entering  the  polar 
[■egtons  obliquely,  it  is  pressed  upon  by  himilar  parliules  flowing 
in  obliqne  currents  across  every  meridian ;  and  here  again  \»  a 
«ilm  place  or  node ;  for,  as  oar  imaginan-  particle  approaches 
the  parallels  near  the  polar  calms  more  and  more  obliquely,  it, 
with  all  the  rest,  is  whirled  about  the  polo  in  a  continued 
circular  gale  ;  finally,  reaching  the  vortei:  of  the  calm  place,  it  is 
carried  wpwand  to  the  regions  abovo,  whence  it  commciices  again 
iti  flow  to  the  north  as  an  upper  cnrrent,  as  iar  as  the  calm  belt 

H^  Capricorn;  here  it  encouuters  (g  213)  its  fellow  from  the 
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i>or)li  (S  207) ;    ihcy  stop,  dGscend,  and  flow  on 
eniTents  (5  2I0J,  the  one  with  wUicli  lie  imaginntion  i 
veHing,  1q  the  uquatorial  calm   as  ibe  south-east  tmde-wi 
here  (S  212)  it  ascends,  travelling  thence  lo  the  oalm  ] 
t^'wiGer  as  an  upper   current  pounler  to  the  ndrth-east  1 
Here  (§  210  and  209)  it  ceases  to  be  an  upper  carrent,  ) 
deaoendiog  (3  210),  travels  on  with  the  south-west  possage-ivi 
tgwaTi^H  the  pole. 

215.  Dioffram  of  the  aindi. — Sow  the  conrse  we  have  ti 
nn  atom  of  air  to  take,  oa  illustrated  bj'  the  "  diagram  t 
winds  "  (Plate  I.),  is  this :  an  ascent  in  a  place  of  (Hilms  t 
ihe  north  pole,  as  at  V  P ;  an  effiui  ihcnoe  as  an  nppor  cm 
ABC,  until  it  meets  R  S  (also  an  upper  current)  over  f 
(if  Cancer.  Here  there  is  supposed  to  be  a  doHceut,  as  s 
the  arrowB,  C  1),  S  T.  This  current.  A  B  C  D,  from  tl 
now  becomes  the  north-oast  trade -wind,  D  E,  on  the 
until  it  meets  the  south-eaat  trades,  0  Q,  in  the  eqiu 
calms,  where  it  ascends  as  E  F,  and  traTels  as  F  G  witl 
upper  current  to  the  calms  of  Capriooni,  thence  as  Q  ■ 
with  the  prevailing  north-west  surface  cnrrent  to  the  i 
pole,  thence  np  with  the  arrow  1",  and  around 
haad^  of  a  watch,  and  bock,  as  indicated  bj*  the  arrows  a 
LMNOQRSTUV. 

2ie.  A»  our  knowledge  of  the  lawn  of  nature  ha  mcreaied,  $o  | 
our  readiag»  of  (ho  Bible  improved. — The  Bible  frequently  i 
allnsion  to  the  laws  of  nature,  their  operation  and  eiTccte, 
such  allusions  are  often  so  wrapped  in  the  folds  of  the  pec 
and  graceful  drapery  with  which  its  language  is  oocasim: 
olothed,  that  the  meaning,  though  peeping  out  from  i 
covering  all  the  while,  yet  lies  in  eomo  sense  concealed,  1 
the  lights  and  revelations  of  science  are  thrown  upon  it ; 
■mrsts  out  and  strikes  us  with  exquisite  force  and  beaii^ 
our  knowledge  of  Nature  and  her  laws  has  increased,  no  h 
und<<r»tnndiiig  of  nmny  passages  in  the  Bible  been  impro 
The  Psnliuist  tailed  the  earth  "  the  round  world ;"  yet  for  I 
it  was  the  must  damnable  heresy  f<)r  Lliristian  mc 
world  w  round ;  and,  finally,  sailors  circumnavigated  tbo  gld 
proved  the  Bible  to  he  right,  and  saved  Christian  men  of  soiq 
from  the   state.      "Canst  tbon  bind  the  sweet   influence 
I'luittdes  ?"     Aatnmoiners  of  the  present  day,  if  they  J 
ajuwerod  this  question,  have  thrown  so  muoh  light  upon  i1 


Hhovr  that,  if  ever  it  be  answered  by  man,  be  mast  oonsiilt  the 
science  of  astronomy.  It  lias  been  recently  all  but  proved,  that 
the  earth  and  sun,  "with  their  ft[>lendid  Tl^tin^la  of  coueta, 
BalellitM,  and  pUuets,  are  all  in  motion  around  some  point  or 
centre  of  attraction  inconceivably  remote,  and  tliaC  thai  ]ioint 
is  in  the  direction  of  the  star  Alcyou,  one  of  the  I'leiadeal 
Who  but  the  astronomer,  then,  could  tell  thoir  "  BWnct  influ- 
ences?" And  as  for  the  general  syatem  of  atmoepherical  drcii- 
lation  which  1  have  been  eo  long  endenvnuring  to  dest^ribe, 
the  Bible  tella  it  all  in  a  single  nentenco:  "The  wind  goeth 
towards  the  Houtli,  and  tnrneth  about  unto  the  north ;  it  whirleth 
about  uontinually,  and  the  vrind  retumoih  again  according  to  hie 
ciicuita." — Ecol.  i,  G, 

217.  Sloiti/hino  off  from  lh«  cmnUr  Iradeg.—Of  course,  as  the 
surface  winds,  H  J  K.  and  1'  U  Y,  approach  tlie  polos,  tliere  inuat 
\«j  a  sloughing  off, — if  I  may  bo  allowed  the  expresBion,— of  air 
IVoiu  them,  in  con'^eqncnce  of  their  approaching  the  poliai.  For 
.'Lij  thoy  uear  the  poles,  the  parallels  become  smaller  and  unaller, 
and  the  surliuie  current  must  either  extend  much  higliN'  np.  and 
blow  with  grunter  riipidity,  or  else  a  part  of  it  muKt  be  sloughed 
otf  above,  and  eo  tnin  back  before  reaching  the  calms  about  tlie 
poles.  The  latler  is  probably  Ihu  case.  Such  was  the  conjec- 
ture. Subsequent  in^eetigatiuns  •  have  established  its  correct- 
iieeH,  and  in  this  way  :  they  allow  that  the  south-east  trade- 
winds,  as  in  the  Atlantic,  blow,  on  the  average,  during  the  year, 
124  days  iMtwcoD  the  parallels  of  2.i°  and  30'  S.,  and  that  na  you 
approach  the  cqaatur  their  average  armual  duration  increases 
until  you  loach  o"  S,  Here  between  .T'  and  iO''  S.  they  blow  ou 
the  average  for  a2i»  out  of  ihe  »li5  days. 

218.  Tlie  air  uhkh  EOppUc*  Ihe  tntiili-tait  Irade^ind  ■»  Ike  band 
5'  doet  ant  crom  l}te  battd  2S^. — \ow  the  question  may  be  B»ked, 
>Vhero  do  tlte  supplies  which  fnrnibli  air  fur  these  winds  for  3'2V 
days  come  from  ?  Tlje  "  trndehi "  could  not  convey  thin  fresh 
A^ply  of  air  across  the  parallel   of  25°  S.  during  tlie  time 

inally  allotted  fur  ibem  to  blow  in  that  latitude.  Tliey  cannot 
ms:  (I.)  Because  the  trade-winda  lu  lat.  5°  are 
'utrmiger  than  they  are  in  lat  25°,  and  therefore,  in  equal  times, 
tbej-  waft  larger  "oltiiues  of  air  aoross  6'  than  they  do  across 
25".    (^.)  Because  the  girdle  of  the  earth,  noar  tUe  equator  is. 

■  N['DtlQjUMl(T,-nip'"l^'o-l.  Obaervat-.ry,  AViuliiiigton.  Oeloljcr.  ISSfl. 
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largoT  thiui  it  is  farther  off,  as  at  25°  ;  tberoFore,  admittiug  e 
hdigiits  and  velooitiea  for  the  wind  at  the  two  parallels,  it  v 
in  equal  times,  bear  most  air  across  the  one  of  larger  cin 
fereooo.     Miicb  teex,  therefore,  can  ihe  HJr  which  ■ 
parallel  of  25"  S.  annnaUy  in  the  124  trade-wind  daf§  of  i 
latitude  be  sufficient  to  supply  the  trade-winds  with  air  for  f 
329  days  in  lat.  5°.     Whence  cooies  the  extna  supply  for  t' 
in  5°  ?     (3.)  Of  all  parts  of  tho  ocean  the  twde-windu  olit 
their  best  development  between  5'  and  10^  A  in  tlie  Atlu 
Ocean,  for  it  is  there  only  that  they  attain  the  unequalled  a 
average  duration  of  329  days.     But  referring  now  to  the  avei 
annual  duration  of  the  south-enat  trade-wind  in  all  seafi,  we  i 
for  tlio  soke  of  illuatratioii,  liken  this  belt  of  winds  whiuli  4 
circles  the  earth,  say  between  the  parallels  of  5°  and  25"  i 
tho  frustum  of  a  hollow  oone,  with  it«  base  towards  the  ei 

219.  Wind*  with  rtorihing  and  teirtds  with  toulMng  tn  ti 
lra»teti, — Now,  dividing  the  winds  into  only  two  classes,  m  v 
with  northing  and  winds  with  tauthing  in  them,  actual  obj 
tions  show,  taking  the  world  around,  that  winds  having  80i 
in  them  blow  into  the  southern  or  smaller  end  of  this  co 
209  days  annually,  and  out  of  the  northern  and  larger  e 
280  day^.*  They  appear  (S  22!)  to  come  out  of  the  larger  end 
with  greater  velocity  than  they  enter  the  smaller  end.  But  we 
iMume  the  velocity  at  going  in  and  at  coming  unt  to  bo  tha- 
xame,  meioly  for  illustration.  During  the  rest  of  the  year,  eitti 
winds  with  northing  m  them  are  blowing  tn  at  the  big  end,  <^  J 
lit  tho  little  end  of  the  imaginary  cone,  or  no  wind  is  blowingj 
all ;  that  is,  it  is  culm.  Now,  if  we  suppose,  merely  for  the  hi 
of  ORStsting  farther  in  the  illustration,  that  these  winds  ^ 
rtt/rthing  and  these  winds  with  Mouthing  move  equal  volumes  of  ll 
in  equal  times,  we  may  subtract  the  days  of  the  one  fbrom  t 
days  of  the  other,  and  tins  ascertain  how  mui'h  taon  air  c 
oot  at  one  end  than  goes  in  at  the  other  of  our  frustum, 
with  northing  in  them  blow  in  at  the  big  end  for  72  days,  t 
out  at  tho  little  end  for  146  days  annually.  Now,  if  we  subtract 
the  whole  number  of  vrinds  (146)  with  northing  in  them  that 
blow  out  at  the  south  or  small  end,  from  the  whole  nnmhor  (209) 
with  southing  in  them  that  blow  in,  we  shall  have  for  the  q 
tity  that  is  to  puss  through,  or  go  from  the  parallel  of  25"  to  | 

•  Naoticftl  Monogreplu,   No,  1,  "  Tho  Wiuiii  of  the  Sen," 
WkMogton.  1899 
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the  volume  expressed  by  the  transporting  power  of  the  eonth- 
east  Irade-winds  at  latitude  25"  for  ii3  daya  (200  -  1466  =  3).  In 
like  manner  we  obtain,  in  Bimilar  lerniH,  an  espicsaion  for  the 
voliimo  wbicb  these  winds  bring  out  at  the  large  or  equatorial 
vn<l,  and  find  it  to  be  as  much  air  as  th«  soiith-ea;st  tmdc-winds 
can  Irausport  across  the  parallel  of  5"  S.  in  214  divye  (28  -  CT2  = 
2H;.     Again : 

220.  8o«th-eatt  tra^^ieind*  tlronger  near  lk«  ctptalonal  limit*. — 
The  Bouth'ceiBt  trado-wiuds.  as  tboy  cross  the  parallel  of  5"  and 
come  out  of  lUia  belt,  appear  to  be  atronger  "  tbnn  tUey  are  when 
they  enter  it.  Bat  assuming  the  velocity  at  each  panJItl  to  be 
the  same,  we  have  (S  21'J|  just  throe  timeo  as  much  air  with 
touthing  in  it  coming  out  of  this  belt  on  the  equatorial  eido  as 
with  tonOang  in  it  wo  find  onlering  (S  218)  on  the  polar  side. 
From  this  it  is  made  plain  that  if  all  the  air,  whether  from  the 
aonthword  and  eastward,  or  &om  the  southward  and  weetn'ard, 

ich  enfera  the  sonth-east  trade-wind  boU  near  its  polar  borders, 
to  oome  out  at  its  equatorial  edge  as  south-east  trade-winds. 
would  not  be  enough  air  to  feed  the  south-east  trade-winds 
between  those  two  paraUols  of  5°  and  10°  8:  the  annual  defi- 
ciency of  air  hero  would  be  the  volume  required  to  supply  the 
trades  for  151  days  (214 -U^  =  151). 

221.  8pr.td  ofvcutfla  ihrmigli  (he  trade-wiTuU. — The  average  speed 
which  vessels  make  in  sailing  ihmugh  the  trade- winds  in  different 
parts  of  the  world  halt  been  laboriously  investigated  at  the 
National  Obscrvatory.t  By  this  it  appears  that  their  avoragv 
f^peed  through  the  sonth-«<ast  trade-winds  of  the  Atlantic  is, 
between  the  parollols  of  5'  and  in*,  6.1  knots  an  honr,  and  5.7 
between  25"  and  30°. 

222.  The  queilton,  Whe7K«  are  (he  trmth-eatt  trade-mwlM  tuppliml 
teilh  airf  anucurtd. — All  these  fotfa  being  weighed,  they  indi- 
cate that  the  volume  of  air  which  investigations  show  that  thu 
auulh-eost  trade-winds  of  the  world  annually  waft  across  thi; 
parallels  of  lO'-.l'  S.  in  285J  days — for  that  is  their  average 
duration  for  ail  oceans  taken  tt^other — is  at  least  twioe  as  great 

*  Tbo  forve  of  the  biule-irinds,  u  dGtanniiiBil  b;  the  atrnigjD  ipeed  nf  S2S5 
ttaai*  HiliagUuDughtiicm.isgimtui  botwom  5-' snd  10^  S.lluiii  it  is  between 
25^  wul  30'  S.— iffluiv'.  Sailing  Cimrfimu.  Ift50. 

t  See  "  Avcm^  Powo  of  the  Tmils-wlod^"  p.  SST,  vol.  ii,  8th  cL,  Monrji 
SniUng  Directimia,  1859. 

;  Nsatical  MoDognpha,  Pkte  I..  Xo.  1,  '■  The  WiiuU  at  8m." 
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aa  the  volume  wluch  tLey  anunally  sweep  acrose  the  f 
25°  in  139  (]aye,  whieh  is  their  like  avert^e  here. 
answer  to  the  qii^tioti  (§  218),  "  Whence  cornea  the 
the  reply  is,  it  can  only  come  from  above,  &nd  in  thin  way,  ■ria.; 
the  Bouth-eaxt  trade- winds,  as  they  rush  from  25°  S.  towards  the 
equator,  act  upon  the  upper  air  like  an  under-tow.  Crossing,  aa 
they  approach  the  equator,  parallels  of  larger  and  larger  circnm- 
ferouce,  thesd  wind«  draw  down  and  turn  back  from  the  counter 
current  above  air  enough  fo  supply  pabulum  lo  larger  and  larger, 
and  to  stronjter  and  atronger  currents  of  surface-wind. 

223.  Whilher  it  goei. — The  air  which  the  trade-winds  pour  id 
the  equatorial  calm  belt  (§  313)  rises  np,  and  hai  to  flow  off  w 
upper  current,  to  make  room  for  that  which  the  trade- wiudqfl 
continually  pouring  in  below.  They  bring  it  from  tuwards-l 
polos — back,  therefore,  towards  the  poles  the  upper  currenia  t 
carry  it.  On  their  journey  they  cross  parallel  after  parallel,  q 
smaller  than  tho  other  in  ciroumferonce.  There  is,  therefei 
constant  tendency  with  the  air  that  these  upper  currenta  a 
polarward  lo  bo  crmeded  out,  so  to  speak — to  slough  off  and  t 
bock.  Thus  the  upper  ciirrent  is  ever  ready  to  supply  tlte  ti  ' 
winds,  as  ihoy  approach  the  equalor.  with  air  exactly  at  the  r 
plaoo,  and  in  quantities  just  stiffioiont  to  satisfy  tho  demand. 

224.  Som  is  it  drawn  down  from  cAovef — This  npper  air,  1 
supplied  the  equatorial  cloud-ring  (§  614)  with  vapour  fori 
clouds,  and  with  moiaturo  for  Ha  ruins,  flows  off  polarwar" 
comparatively  dry  air.    The  dryest  air  is  the  heaviest.     Thia  | 
and  heavy  air  is  therefore  the  air  most  likely  to  be  turned  i 
with  the  trade-winds,  imparting  lo  thom  that  elasticity,  freshi 
anil  vigour  for  which  they  are  so  famous,  and  which  help  to  n 
them  BO  grateful  to  man  and  beast  in  tropical  climates.    The  c 
Iini>w8, /ff  anil/* ;/,  r  g  and  r'e',  are  intended  to  represent,  u 
"  diagram  of  tho  winds'"  (I'lalo  I.),  this  sloughing  off  and  tnrri 
back  of  air  from  the  upper  curi'ents  to  the  trade-winds  below. 

225.  Vdocily  of  soufA-efUl  vAouti  lo  be  greater  Hum  t 
frada-triTifis.— Aooording  to  inTeslig.-vtions    which  are  s 
length  in  Maura's  Soiling  Directions,  on  his  Wind  and  Cnrr 
Charts,  and  in  the  Monographs  of  the  Washington  Observatoi 
Iho  average  strength  and  annual  duration  of  the  south-east  ti 
winds  of  the  Atlantic  may  be  thus  staled  for  every  band  or  belfl 
6^  of  latitude  in  breadth,  from  30°  to  the  equator.     For  the  fa 
between  the  parallels  of — 
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'   25'niuJ20^ 157    „  B.7     ..  2(»,7.i2 

[  SOOandlSO 2M    _  5!)     „  17.844 

is^Midio' ias  ..  (U)    „  11.122 

lO^Mid   53 32n    .  U.1      ..  1H,7U 

S^and   0> 8H    „  t!.U     „  15,403 

It  tlius  appears  that  tLe  eouth-east  trade-ninds  of  the  Atlanfio 
blow  with  moftt  regularity  between  10°  and  5%  and  wifli  most 
^^^rce  between  10°  and  15°. 

^^L^  226.  The  air  tlotighed  off  from  the  eourUer  trades,  nout  air. — On 
^Hke  polar  8ide  of  35''-40°,  and  in  the  counter  tiad^  (S  204  [7]).  a 
^^RSerent  process  of  sloughing  off  and  turning  back  is  going  on> 
^^llere  the  winds  are  blowing  tmcaTdt  the  poles;  Ihoy  are  guing 
from  parallels  of  largo  to  parallelB  of  cTnaller  circumference,  while 
the  upper  return  cwrrent  is  doing  the  reverse  ;  it  is  widening  out 
^^jilh  the  increasing  circumference  of  paTallols,  and  creating  room 
^^Kr  more  air,  while  the  narrowing  current  below  is  cron'ding  out 
^^^Bd  sloughing  olf  air  &t  its  winds. 

^^^r327.  T!te  air  sloughed  off  from  the  v]tper  trade  evrrenl  dry. — In 
the  other  case  (5  224),  it  was  the  heavy  dry  air  that  was  sloiighed 
off  to  join  the  winds  below.  In  this  case  it  is  the  moist  and 
lightest  air  that  is  crowded  out  to  join  the  current  above. 
.  228.  The  mdmrological  tnjluencet  of  axcmdiiuj  columns  of  moiil 
jfr. — ^This  is  particularly  the  case  in  the  southern  hemisphere, 
re,  entirely  around  the  globe  between  the  paralluls  of  40" 
i  00°  or  05°,  all,  or  nearly  all,  is  water.  In  this  great  austral 
ind  the  winds  are  in  conloct  with  an  evapomting  surface  all  the 
Aqueous  vapour  is  very  muuh  lighter  than  atmospheric 
U  this  vapour  rises,  it  beoomee  entangled  with  tlie  ptirticles 
(  air,  some  of  which  it  carries  np  with  it,  thus  producing, 
rongh  the  hariionlal  flow  of  air  with  the  winds,  numerons  little 
idtny  columns.  As  the^e  columns  of  air  and  vapour  gu  up, 
b  euperinoumbeut  pressure  decreases,  the  air  ex]>ands  and  cools, 
ing  precipltaliun  or  condensation  of  the  vapour.  The  beat 
t  free  during  this  process  expands  the  air  still  further, 
s  aiusing  here  and  there  in  those  regions,  and  wherever  it 
y  chance  to  bo  rainiug,  intumescences,  so  to  speak,  from  tho 
|nd  Btrotuiu  below;  the  upper  current,  sweeping  over  thesu 
Dtuber&nces,  Wars  them  off  in  its  course  towaids  the  equator 

*  Di«tBiive  pur  boiir  llmt  leaHls  avi'nj^e  wlule  aajUng  IhcqDgh  it, 
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and  ihufi  we  have  another  'uming  back, and  a  constant  min^ 
The  curved  arrows,  h  j  Jc  and  A'  f  k',  are  intended,  uo  IM 
"diagram  of  the  winds"  (Plate  I.),  to  represent  fhia  rising  up 
from  tlie  counter  trades  and  turning  back  with  the  upper 
cTirrcnt. 

229.  Suppoging  tht  air  vigiblf,  iXe  pelade  that  aoald  bepreaailtd 
between  the  uppar  and  lower  rurrente.— Let  ue  imagine  the  air  to  be 
visible.  tJiat  we  could  aee  those  different  strata  of  winds,  and  tiie 
air  as  it  is  sloughed  ofi'  from  one  stratum  to  join  the  other.  We 
can  only  liken  the  spectacle  that  would  be  presented  between 
the  upper  and  the  lower  Btratuiu  of  these  winds  to  (ho  combing 
of  a  succession  of  long  waves  as  they  couie  rolling  in  from  tlie 
sea,  and  breaking  one  after  another,  upon  the  beach.  They  cwl 
over  and  are  caught  up,  leaving  foam  irom  their  white  caps 
behind,  hut  nevertheless  stirring  np  the  sea  and  niiiing  up  ite 
waters  eo  as  to  keep  them  all  alike. 

230.  The  imyorlimce  of  atrrumpherical  circulation. — If  the  ordi- 
nances of  cature  require  a  constant  circulation  and  continual 
mixing  up  of  the  water  in  the  sea,  that  it  become  not  stagnant, 
and  that  it  may  be  kept  in  a  wholesome  state  for  its  iubabilants,  - 
and  subserve  properly  the  various  offices  required  of  it  in  tha 
lerreelrial  economy,  how  much  more  imperative  must  they  not  fao 
with  the  air?  It  is  more  liable  to  corruption  than  waier;  8(ag> 
nation  is  ruinous  to  it.  It  ia  both  the  sewer  and  the  laboratory 
for  the  whole  animal  and  vegetable  kingdoms.  Ceaseless  motioii 
has  been  given  to  it ;  perpetual  circulation  and  intcrminglii^  of 
its  ingredients  are  required  of  it,  Personal  experience  (eodiBS 
UH  this,  as  is  manifest  in  the  recognised  necessity  of  ventilatian 
in  our  buildiugs — the  wholesome  iofluenoes  of  fieah  air,  and  the 
noxious  qualities  of  "  an  atmosphere  that  has  in  clrcHlatiou." 
Hence,  continual  mixing  up  of  particles  in  the  atmosphere  being 
required  of  the  winds  in  their  circuits,  is  it  possible  &r  tbo 
hiunan  mind  to  conceive  of  the  appointment  of  "  circuits  "  for 
ihem  (S  2l(i)  which  are  so  admirably  designed  and  exqiai- 
eitely  adapted  to  the  purpose  as  are  those  which  tltis  vieir 
suggests  ? 

231.  Jt»  vertical  Toovetnenli — Itoa  produced. — A*  a  physical  as- 
oeasity,  the  vertical  circulation  of  the  air  Beems  lo  be  no  lea 
important  than  its  horizontal  movements,  which  wo  call  wind. 
One  begets  the  other.  The  wind,  when  it  blows  across  pai'allds 
of  latitude— as  it  always  must,  except  at  the  equator,  for  it  blows 
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lUos  of  gi«ftt  circles,  and  not  iit  Biuall  ones* — CKafe6ftrerti«iiJ 
lation  either  by  dragging  down  air  frum  tlie  ii[i[>er  regions 

224),  or  by  ploughing  it  off  and  Wcing  it  up  fiuni  the  luwer 

'22i).4u:ctirdiDg  ae  the  wind  ia  approtKliiug  the  pole  or  equator. 

332,  Vertical  and  ioritmUal  moveuieale  in  Ike  air  iMtmeguttiU  of, 
dependent  upon  each  other. — Indeed  the  point  may  be  well 
made  whether  the  bomontal  ciroulatitm  of  the  air  bo  not  de- 
pendent upon  and  a  consequent  of  itA  verticftl  circulation ; — so 
L-orlj  allied  are  the  two  motions  in  their  relatioDa  as  cause  and 
#Siact.  Upward  and  downward  muvenientH  in  fluids  are  cunse' 
it  npon  each  other,  and  they  involve  lateral  movements, 
with  it«  vapour,  is  the  great  engine  which  gives  upw&rd 
'VOiion  in  the  sir.  Am  eoou  as  aqueous  vapour  in  formed  it  liaes; 
the  air  resists  its  aecoDt ;  but  it  is  lighter  than  the  air,  therefore 
(S  177)  it  forces  the  resisting  particles  of  air  up  along  with  it, 
and  so  prodnces  ascending  columns  in  the  atmoBphere.  The 
jnxta  air  comes  in  to  occupy  the  epace  which  that  carried  up  by 
the  vnpotir  leaves  behind  it,  and  eo  there  is  a  wind  produced. 
Ilie  wind  arising  from  this  source  alono  is  so  slight  generally,  as 
tioaroelj  to  be  perceived.  Bnt  when  the  ascending  vaponr  is 
ooadonwed,  and  its  latent  heat  lilKTsted  and  set  free  in  the  upper 
air,  we  often  have  the  most  terrific  storms. 

233.  Cold  belU. — Now  suppose  the  surface  from  which  this 
vapour  rises,  or  on  which  it  is  conden^,  be  sufficiently  large  U/ 
produce  a  rush  of  wind  from  afar;  suppose  it,  moreover,  to  be  an 
oblong  lying  east  and  west  somewhere,  fur  example,  in  the  tempe- 
rate zone  of  the  northern  hemisphere.  The  wind  that  comes  rush- 
ing in  from  the  south  side  will  bo  in  the  category  of  the  counter 
trades  of  the  southeiii  hemisphere  (S  228),  vis,:  going  from 
larger  to  smaller  parcels,  and  giving  rise  to  ascending  columns ; 

'  The  tsnilency  of  all  bodiea,  when  put  in  motion  on  the  lar&ou  of  the  taiiii, 
facther  tinid.  Mlid.or  gaseous  to  gatnim  llie  point  oTileiiurtar?  In  tbu  point 
lij  till'  shortcBt  line  pofiiulile :  and  Uiiii,  nliea  tho  mntiou  in  Iwii- 
m  of  a  gnvt  circle.  If  «e  imngioe  a  partiul  Tiumum  In  hu  funanl 
ilfre  north  pole,  wo  eon  reodltj  enough  pereeive  tint  the  wind  for  S°  W',  2lf 
)f  jMlar  diADDne.  nil  arontul.  wonU  lend  to  mA  north,  uid  strive  to  gel  them 
JMg  Ihe  meridianv^aict  uf  great  airolos.  Tliia  would  be  tbe  cMowbi^ther  the 
earth  be  auppnaeil  lo  be  with  nr  withont  diumnl  mtndon,  oi  oiotion  nl  any  antt. 
Xnw  wi|ipi>iiu  the  place  of  rcfractioD  to  be  anywhere  away  fnini  the  {•nten,  then 
ilriw  g«M  oltcles  to  a  point  in  the  middle  of  't.  and  Uic  air  all  arouuil  voald, 
in  nulling  into  tbe  TBODnm,  ecfk  In  traah  it  by  thsM  great  drclaa.  J*art«  naj 
I   inn  itB^i]e.bat  BQch  is  the  hndeacy  rf  120^ 
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while  that  : 

direction,  is,  like  the  trade-winds  (§  223),  bringing  down  air 

from  above. 

234-,  The  uppo"  eurrenit-^llieir  numfcer*  and  c^e». — By  the 
motion  of  the  clouds  upper  oinTents  of  wind  ure  liiaccnied  in 
the  sky.  Tliey  are  arranged  in  laj'ers  or  strata  one  aho\-e  the 
other.  The  cioinla  of  each  stratum  are  carried  by  its  winds  in  a 
direction  and  with  a  velocity  peculiar  to  their  stratum.  How 
many  of  those  BuperimpoBed  currents  of  wind  theiti  may  be 
between  the  top  and  bottom  of  t!ie  atmosphere  we  know  not.  As 
high  up  as  the  cloud-region  several  are  often  seen  nt  the  same 
time.  They  aie  pinions  and  ratohets  in  the  atmospherical  ma- 
chinery. We  have  seen  (§  230)  eomo  of  their  ugqs:  let  m 
examine  them  more  in  detail.  Now,  as  the  tendency  of  air  in 
motion  is  (§  120)  to  move  in  arcs  of  great  circles,  and  as  all  great 
circloa  that  can  be  drawn  about  the  earlli  mn£t  omss  each  other 
in  two  points,  it  is  evident  that  the  particles  of  the  atmosphere 
which  are  borne  along  as  wind  must  have  their  paths  all  iu 
diverging  or  connerging  lines,  and  that  oonsequently  each  wind 
must  either  be,  like  the  trade-winds  (§  222),  drawing  down  and 
sacking  in  air  from  above,  or,  like  the  counter  trades  (8  2 
crowding  out  and  forcing  it  off  into  the  upper  otirrents. 

235.  Tendency  of  airahen  pal  in  motion  to  move  in  tkeplatiao/a 
great  circle, — This  tendency  to  move  in  great  circles  is  chocked 
by  the  forces  of  diurnal  rotation,  or  by  the  pressure  uf  Ibe  wiju] 
when  it  blows  towards  a  common  oeDtro,  aa  in  a  oycluno.  In  no 
case  is  it  entirely  oreroome  in  its  tendency,  but  iu  all  it  is 
diverted  from  the  great  circle  path  and  forced  to  lake  up  its  line 
of  march  either  in  Bpirals  about  a  point  on  tho  stirfaoo  of  tlie 
earth,  or  in  loxodrnmics  about  its  axis.  In  either  case  the 
pushing  up  or  pulling  down  of  tho  combing,  curdling  air  from 
layer  to  layer  is  going  on. 

236.  The  remit*  upon  it*  circulation  of  Ih't  fcndeaei/. — Thus  the 
laws  of  motion,  the  force  of  gravity,  and  tho  figure  of  tiie  earth 
aU  unite  in  requiring  every  wind  that  blows  either  to  forca  ur 
up  from  the  surlace  into  the  regions  above,  or  to  draw  it  down 
to  the  earth  from  the  crj-stal  vauHa  of  the  upper  sky.  Add  to 
these  tho  Btorm-king ; — traversing  tho  air,  he  thrusts  in  tie 
whirlwind  or  sends  forth  the  cyclone,  tlie  t  fviiailo,  aniJ  iho  hiwii- 
cane  to  ttir  np  and  agitate,  to  mix  and  mingle  tho  whole  in  one 

IS  mass.     By  this  perpetual  stirring  up,  thijg  ooatiuiul 


ptetion,  motion,  mixiog,  and  circulation,  the  airy  covering  rit 

to  globu  IB  kept  in  that  state  wtiich  the  wuU-being  of  the 

orgtinio  Wurld  requires.  Every  breath  we  draw,  every  fire  wo 
kiadle,  every  blsde  of  graas  that  g;roW8  or  decaj's,  eveiy  bliue 
that  shines  and  bums  ndda  something  that  is  noxious,  or  takes 
something  that  is  healthful  away  from  the  surrounding  air. 
Diligent,  therefore,  in  their  ofBces  must  the  agents  be  which 
have  been  appointed  to  mnintain  the  chemical  elatus  of  the 
atmosphere,  ti)  preserve  its  propertiona,  to  adjust  ila  iBgrodients, 

^hdui  to  keep  theta  in  that,  state  of  admixture  best  calculated  to  fit 

^^KftoT  its  purposes. 

^^rSS?.  Experiment  by  (he  Vrench  Academy. — Several  yenrs  ago 

^Tto  French  Academy  sent  out  bottles  and  caused  sppcimoaB  of  air 
from  varioiis  parts  of  the  world  to  be  collected  and  bnaiight  home 
to  ho  analyzed.  The  nicest  teets  which  the  most  skilful  ehemists 
could  apply  were  incapable  of  detecting  any,  Iho  slightest,  diHer- 
(mco  as  to  iiigrodientB  io  the  Bpecimoas  ivom  eitlmi'  side  of  the 
equator ;  so  thorough  in  the  performance  of  their  office  are  these 
agents.  Nevertheless,  there  are  a  great  many  more  demands  on 
the  atmosphere  by  the  ot^onic  world  for  pahvlum  in  one  hemi- 
sphere thsn  in  the  other ;  and  consequently  a  great  many  more 
inequaliiies  for  these  agents  to  restore  in  one  than  in  the  other. 
Of  the  two,  the  land  of  our  hemisphere  most  teems  with  life,  and 
here  the  iilmosphere  is  most  taxed.  Here  the  hearthstone  of  the 
human  femily  has  been  laid.  Hei-e,  with  our  fires  in  winter  and 
OUT  crops  in  summer,  with  our  work-shops,  stenm-eu^ueB,  and 
fiery  furnaces  going  night  and  day— with  the  ceaseless  and  almost 
limitless  demands  which  the  animal  and  vegetable  kingdoms  are 
Baking  upon  the  air  overhead,  we  cannot  detect  the  slightest 
diirercDce  between  atmospherical  ingredients  in  different  hemi- 
spheres ;  and  yet,  notwithstanding  the  compensations  and  adjust- 
ments between  the  two  kingdoms  of  the  organic  world,  there  are 
ahnost  in  every  neighbourhood  causes  at  work  which  would  pro- 
duce a  difference  were  it  not  for  these  ascending  and  descending 
columns  of  air ; — were  it  not  for  the  obedient  winds, — for  this 
benign  system  of  cirenlation.^tlieae  little  o<^  and  ratchets 
which  have  been  provided  for  its  perfect  working.  The  study  of 
its  mechanism  is  good  and  wholesome  in  its  influences,  aud  the 
contemplation  of  it  well  oalcidated   to  excite  iu  the  licwom  o( 

^iight-minded  philosopbere  the  deepest  aud  best  uf  emotioua. 

^^^St)8.  Sow  nupplie*  of  freth  air  are  brtiiujlit  doten  from  Ike  upjw 
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jity. — Upon  the  proper  adjnstraents  of  the  dyiiatQical  Ibrcee  w! 
keep  np  these  ceaseless  moveinenta  the  life  of  ot^anio  na 
depends,  If  the  air  that  is  brenfiied  were  not  tukou  bwa; 
renewed,  wiirm-blooded  life  would  ccnee ;  if  cBrUon,  and  oxy\ 
and  hydrogen,  and  water  were  uot  in  due  qnantitiee  disj 
the  reBtlesw  air  to  the  flora  of  the  earth,  all  vegetatii 
perish  Ejr  lack  of  food.  That  our  planet  may  be  liable  lo  u 
calamity,  power  liaa  been  given  to  the  wayward  wind, 
"bloweth  where  it  liBleth,"  to  bring  down  from  the  pure  blue 
slcy  fresh  supplies  of  life-giving  air  wherever  it  is  wanted,  and  1q 
catch  up  from  the  earth  wherever  it  may  be  found,  tlwt 
has  become  stale — to  force  it  up,  there  to  be  deflagrated  amt 
the  clouds,  purified  and  renovated  by  processes  known  only 
Him  whose  ministers  they  are.  The  slightest  change 
purity  of  the  atmosphere,  though  it  may  be  too  slight  for  reoof^ 
nition  by  chemical  analysis  in  the  laboratoiy,  ia  sure  to  ba 
detected  by  its  effects  upon  the  nicer  chemistry  of  (be  bumiin 
system,  for  it  is  known  to  be  productive  of  disease  and  doalh. 
Ho  chemical  teste  are  sensitive  enough  to  tell  ua  what  those 
changoe  (tro,  but  experience  has  taught  ns  the  necessity  of  venli' 
lation  in  our  buildings,  of  circulation  through  our  grovoa. 
cry  in  cities  for  fresh  air  from  the  mountains  or  the  sea 
lu  continually  of  the  life-giving  virtues  of  circulation, 
ence  teaches  that  all  air  when  pent  up  and  deprived  of  oi 
tion  becomes  impure  and  poisonous. 

230.  Beaulifal  and  benign  arrangemenU. — IIow  minute,  then, 
pervading,  and  general,  benignant,  sure,  and  perfect  must  be  that 
system  of  circulation  which  invests  the  atmosphere  and  makas 
"  the  whole  world  kin  ?"  In  the  system  of  vortical  circulation 
which  I  Lave  been  endeavouring  to  describe,  we  see,  as  in  a 
figure,  the  lithor  sky  filled  with  crystal  vessels  full  of  life-giving 
air  continually  ascending  and  descending  between  the  " 
and  the  top  of  the  atmospherical  ofean  ;  these  buckets 
down  by  invisible  hands  fiom  above,  and,  as  they  are 
Again,  they  carry  off  from  the  suHoce,  to  be  purified  in  the  lal 
ratory  of  the  skies,  phials  of  mephitic  vapours  and 
with  the  dank  and  deadly  air  of  marshes,  ponds,  and  rivera. 

240.  Thar  influences  upon  the  mind. — Whenever,  by  study 

research,  we  succeed  in  gaining  an  insight,  though  never  so 

into  any  one  of  the  offices  for  which  any  particidar  part  of 

.   uIivwobI  madunei'/  of  om  planet  was  designed  by  the  " 
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hiteot,  the  mind  is  enriclied  with  tho  oonvictjon  that  it  has 
mpi«<]it'Ddtikl  A  thought  tlmt  vms  euterbtined  at  the  creation. 
Far  Ibis  reafion  the  boautifal  compenealionfl  wliiok  philosophers 
have  diwoTered  in  terrestrial  arras  go  men  ta  are  eottrcee  of  naver- 
failing  wonder  and  delight.  How  often  have  we  been  called  on 
to  admire  the  benign  provision  by  whicli  fresh  water  is  ho  con- 
stituted ib&t  it  expands  from  a  certain  temperature  down  to 
froecingl  We  rocc^nize  in  the  lormation  of  ice  on  tho  top 
instead  of  at  the  bottom  of  treeziug  water,  an  arrangement  whioh 
BUbaorves,  ia  manifold  wayt),  wise  and  beneficent  purposes.  So, 
too.  when  wo  discern  in  the  upper  sky  (J  234)  currenta  of  wind 
arranged  in  strata  one  above  tlie  other,  and  running  hither  and 
thither  in  different  directioDs,  may  we  not  say  that  we  [;au  here 
recognize  also  at  least  one  of  the  fore-ordained  offices  of  these 
upper  winds?  That  by  sending  down  fi-ofili  air  and  taking  np 
fou],  they  asaist  in  tDHintaining  the  world  in  that  slat«  in  whioh 
it  was  nuhdo  and  for  which  it  is  designed — "  a  habitation  fit  for 
man?" 

241.  The  effect  of  doumteard  eurreats  in  produeitig  Mid. — The 
phenomena  of  cold  and  warm  "sjiells"  are  often  obeervcd  in  the 
I'nited  States,  and  I  enppose  in  other  parts  of  the  world  aleo ; 
and  here  in  these  downward  ourrenta  we  have  the  explanation 

..and  the  cause  of  sudden  and  severe  local  changes  in  the  weather. 
a  belts  often  lie  east  and  west  rather  than  north  and  Boutb, 
a  frequently  have  mmJi  colder  or  hotter  weather  in  them 
1  we  have  even  several  degrees  to  the  north  or  to  the  south 
of  them.  The  conditions  required  for  one  of  these  cold  "  anaps  " 
in  America  appeax  to  be  a  north  or  north-west  wind  of  oonaider- 
able  breadth  from  wetst  to  east.  As  it  goes  to  the  sonlh,  its  ten- 
dency is.  if  it  reach  high  enough,  to  bring  down  cold  air  from 
above  in  the  manner  of  the  trade-winds  (S  238)  ;  and  when  tho 
air  thus  brought  down  chanceu  to  be,  as  it  often  is,  dry  and  cold, 
we  have  the  phenomenon  of  a  cold  belt,  with  warmer  weather 
both  to  the  north  and  the  south  of  it.  While  X  write  the  thei^ 
mometer  is  — 1°  in  Misaissippi,  lat,  32^,  and  they  are  having 
colder  feather  there  than  we  have  cither  in  ^Vaahington  or  Cin- 
cinnati, 7°  farther  to  the  north. 

242.  The  vmiter  iwrlhen  o/Teaw*.— The  winter  "northers"  of 
Texas  sometimes  bring  down  tho  cold  air  there  with  tArific 
effect     These  bitter  cold  winds  are  very  severe  at  Nneoes.  in 

^D»  coast  country-,  or  tho  south-west  comer  of  I'exaa  bordering 
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the  Gulf  of  Mentco,  lat.  27^.5.  They  are  often  felt  to  the  * 
in  Mexuicj,  but  rarely  in  eastern  or  northern  Texas,  The  4 
that  tliey  are  not  known  )□  northern  TeiaK  goes  to  bUow  t] 
ould  they  biing  ia  not  truiHlattid  by  the  surface  winds  from  ^ 
north. 

243.  Their  tmere  cold. — A  cprreeponilent  in  Nueces,  lat,  3 
30'  N..  long,  97'*  27'  W.,  has  described  these  ivinds  there  dnj 
the  winter  of  1859-60;  They  prevail  from  November  ti 
and  commence  wilh  the  thermometer  at  about  80°  or 
calm  ensues  on  the  coaat ;  black  olonds  roll  np  from  tbe  ntn 
the  wind  is  heard  neveral  minutes  before  it  is  felt ; 
meter  bc^ns  to  fall ;  the  cold  norther  buTBia  upon  the  [ 
bringing  the  temperature  down  to  28°,  and  Bometimus  e 
25°,  before  the  inliabitants  liave  time  to  change  clolhing  I 
make  fires.  So  severe  is  the  cold,  so  dry  the  air,  that  n 
cattle  have  been  known  to  perish  in  them,*  These  b 
winds  which,  entering  the  Gulf  and  sucking  up  heat  aiu 
tnre  therefrom,  still  retain  enough  of  strength  to  make  t 
eeWes  terrible  t«  mariners — tbey  are  the  far-famed  northerfl 
Vera  Cniz. 

244.  "  Cold  Snaps." — The  Icmperatnre  of  the  atmospherofl 
the  height  of  three  or  four  miles  is  variable— obson'ations  I 
balloonist^  tell  ud  so.     Air  mny  be  brought  below  the  t 
temperature  dne  the  height  at  which  it  may  be,  by  radiat 
and  other  processes.     It  may  also  be  raised  above  that  n 
temperature  by  the  setting  free  there  of  the  latent  beat  of  vap< 
or  by  the  action  of  the  Molar  my  upuii  the  cloud  stratum. 
this  npper  air  is  brought  to  tbe  turface  in  this  aboomuJ  a 
dition.  the  people  of  the  diatrict  uiion  which  it  deseendo  I 
themselves  in  a  "  cold  Hnap"  or  "hot  1«nn."  as  the  case 

2-15.  Anevumielert  to  determine  the  inclination  of  the  wind  u 
That  our  olimalos,  especially  the  continenUl,  are  affeotc 
and  that  many  of  tbe  changes  in  the  weather  are  dne  t 
vertioal  cironlatioa  of  the  atmosphei-c,  seems  clear.f     We  I 

*  *Twn  nieti,"  sija  Mr.  M.  A.  Tnyhir.  iu  a  letter  diitetl  Jnnuu?  11th,  li 
M  NnccCT,  Tetu,  "  were  Kdimlly  frozcii  lo  ilaitli  witliin  a  fcw  mllte  of' 
place  tbia  wialcc  in  a  uorllior.  AiiiumU  feem  to  tell  by  fnstincl  wbcn  I 
nnKhor  ii  nunini;,  aud  make  tlicir  wny  from  tlti.'  open  pmirin  to  Umbw^ 
uifaer  4uilter.  Btarting  otlen  en  a  run  wlien  Uie  lintt  is  nol  oppmaire. 
wli0ii  tlte  obange  is  lo  be  mildcn  ntiJ  violoul.  Many  catUe,  iiuinea,  add 
ate  fruien  to  itt»th  nt  such  titoea," 
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evidence  Iweidea  that  of  induction  (§  224)  m  to  Mpw»rd 
MkA  doivnward  movomcDts  amongst  the  particloe  of  air.  In 
TJolent  winila  especinlly  aro  the-ae  upward  and  downwurd  cur- 
rents made  obviona  by  the  feathers,  IcftveB.  thistledown,  dust, 
aud  trash  that  are  blown  about.  It  would  be  well  if  uur  wind 
gauges  aud  vanes  therefore  were  ao  conatmcted  as  to  show  the 
tnc'inafion  tts  well  as  the  osiniuth  of  the  wind.  With  such  an 
iuiproTement  we  might  ascertain  -whether  certain  sudden  chaugea 
in  the  weather  be  not  owing  quite  as  much  to  the  ittelimiiicm  as  Ui 
direction  of  the  wind. 
S48,  Th«  hot  aindt  of  the  Anttfa, — We  may  seek  in  the  vortical 
[rmilation  of  thu  atmosphere  for  an  explanation  in  pait,  not  onlj 
of  liot  and  cold  terms,  but  in  a  measure  aleo  of  seasons  of  exces- 
dronght,  as  well  as  of  other  phenomena  with  which  all  are 
familiar.  Travelle™  in  crossing  the  Andes  tell  of  Lot  winds 
.Qucounlered  there  even  on  the  mountain  tojia.  Streaks  of  hot  air 
also  fVequently  encountered  in  various  parts  of  America,  anil 
ive  no  doubt  in  other  countries  also.  • 

247,  Ctriam  "  Sol  Spells  "  explained. — To  olplain  one  of  these 
sudden  and  severe  "  hot  spells,"  let  us  suppose  the  neighbouring 
atmosphere  tu  be  well  loaded  with  moisture  at  the  temperature 
of  SO"  for  example,  and  with  the  barometer  at  30  in. ;  that  from 
eomo  cause  this  rsin-ladcn  air  commences  to  ascend,  imd  its 
vapour  to  bo  condensed.     In  this  prouess  the  heat  which  was 
latent   in  the  vapunr  becomes  Bcnsiblu  in   the  air.    Now  the 
height  to  which  llila  air  rises  may  be  such,  were  it  dry  air,  as  to 
reduce  its  temperature  80°,  and  bring  it  down  to  scro ;  but  it  is 
moiet  air,  and  the  liberated  heat  may  be  sufficient  to  raise  it  to 
20°.  and  so  prevent  the  temperature  fitmi  going  helow  that  read- 
TliUB  this  air  is  at  least  20°  above*  the  normal  tenipero- 
of  the  height  to  which  it  may  liave  risen.     Suppose  that 
,  in  the  process  of  vertical  circulation,  it  be  bronght  down  to 
BUT&ce  again,  and  submitted  to  the  same  barometric  pressnro 
'Wfciro  :  ite  temperature  now  will  not  be  60°,  as  before,  but  it 
te  80'  +  20°,  or  100°.     Thus  by  going  up,  precipitating 
IDoisture;  and  coming  down,  it  is  made  hot. 

Betervoin  in  the  sky. — \\'  honevcr  and  wherever  air  in  tliia 
ition  dcscendei   ^)  ihe  surface,  Ihoro  will   be  a  longer  or 

{•BoIlMSiiita  (irien  in  l)irir  vinrn^es  pan  thrangh  byefs  nf  warm  and  enol  air, 
0  M  doulitlcM  hy  nriM[iiul  ruliation  na  oao  luun),  ei  llie  liberatian  of  tlui 
it  of  vnpuiu  oil  Um  oilier. 
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aliorter  period  of  cMcessively  ■wann  weather.*  Tbm  we  i 
the  exiiitetice  in  the  opper  air  of  resetroirB  for  the  heat  as 
as  of  cbftmbers  for  the  cold. 

249.  The  vxmn  vnnd»(^&e  Andes  caiuedhy  the  traile-Ktni*,— 
streaks  of  warm  air  on  the  Andes  (S  2\iX)  derive  thoir  warmthfl 
all  probability  from  tho  liberated  heat  of  the  trade-wind  rapun 
as  they  are  condensed  into  snow-storms. 

2r)0,  Dormani  poaera  ofQie  tdtgraph  in  mdwrolet/g.— 
wet  and  dry,  as  well  as  '■  terms  "  of  hut  and  cold,  wuather  » 
times  pass  over  portions  of  the  country  like  great  waves. 
ooonpy  hoTire,  or  days,  or  weeks  in  tlioir  march.     The  msgi 
telegraph  would,  were  the  system  of  combined  research  o 
which  this  work  has  grown  so  enlarged  as  to  permit  us  to  i 
as  a  meteorological  implement,'!'  enable  ns  to  give  warning  oi 
snch  changes  in  the  weather  in  time  for  fanners  and  othem, ; 
well  as  mariners  to  profit  by  the  foreknowledge.     We  i 
foretell  the  coming  of  stomifi  also. 

2ol.  Um  wind  in  Am  ctVtrui'te.— We  now  see  the  general  o 
of  the  "  wind  in  his  circuits,"  as  we  eoo  the  general  com 
the  water  in  a  river.     There  are  many  abrading  aurfaces. 
larities,  &c.,  which  produce   a  thou&and   eddies  in  fh 
stream ;  yet,  nevertheless,  the  general  direction  of  the  whole  is 
not  disturbed  nor  affected  by  those  counter-currents ;  so  with 

1  atmosphere  and  the  variable  winds  which  wo  find  here  i 

'  "  Heated  Winii  Btobm. — ^A  htaled  wind  storni  passeil  over  a  portion  fl 
Kansas  on  the  7lh  instant  (Jaij  1  SSn\  nbich  praied  noarlj  aa  Aratmetiva  m 
animal  life  ae  tht-  rcnuit  faimailoe«  Unit  vieittiilHitli  snch  terrible  effeet  pi 
of  Iowa.  Tba  wind  aioao  abont  lialf-pcutt  ten  d'oIofIc  aji.,  and  n 
Uiree  o'clodt  in  the  afternuun.  At  ont)  o'cloclc  tbo  ucrcurf  roes  to  II!)|°,  M 
cnntinaed  so  for  nbout  an  hour,  and  tlien  begun  inndaiklly  to  dcvreoie.  ^ 
a  am  iciUTelj  be  imngiued.  The  winil  blew  a  brisk  gale.winTing  with  ll 
«ltj,  •ulpliurons  amelL  Two  men.  in  otlempting  to  cmaa  the  roontiy  11 
■  '  >  to  Humboldt  (dtstancp  eight  miles),  were  overtdcBB  ond  pcriihed.  "" 
WGic  tlireoDthenatllomlnldt  wbonern  atngbt  oat  vrith  t>fama.Khiclip< 
the  men  Bluno  gurviTing.  nnd  are  now  in  n  fait  wa;  to  ttcorur.  TboK  n 
■carccly  n  chiekcn  luft  in  tho  country.  Hogg  nnd  Pottlo  fell  in  Ureir  tntcka  a 
saflbented.  Vnriotu  rcoBoni  uul  cinjectuTca  as  to  iti  eaUBearegiv(ni,butd 
unmtiBlVictorj-'  '—Ktipipaper. 

t  AmngeiDenta  tat  aa  iwing  it  ia^e  a1read;r  be«n  mado  in  Hdlaad.  Vnxti 
and  EBglasil,  and  Tc  hope  to  ace  liiem  extenileJ  ere  long  to  all  otiicr  o 
ind  whtrcvcl  lines  of  IcUgmph  may  go,  Tliongli  the  ]i]an  onlj  n 
operation  in  Keglond  in  ScpL  1860,  Admitnt  fitzny  informs  m«,  ft  is  already 
Tich  with  thn  promise  of  pnctital  tenilta  Uie  most  Tuluablo  and  impoitanL 

'uadon,  Nov.  It,  1860. 
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tliiB  latitnde.  Have  I  not,  tbofeforc,  verj  good  groonds  for  the 
Dpiniuu  (§  200)  that  the  "wind  in  bis  cirouiu,"  though  ap- 
lutly  to  Oft  never  ao  wayward,  is  a«  obedient  fo  law  and  oa 
irvient  to  order  as  wore  the  morning  stars  when  first  they 
teng  together  ?" 

Forces  whifi  jirojiel  Ihe  teind. — There  are  at  least  two  foroes 
cuDoenied  in  driving  the  wind  through  its  oirouits.  Wo  bavo 
seen  0  207)  whence  that  turee  ie  derived  which  gives  easting  to 
the  winds  as  they  approaoh  the  equator,  and  weeting  as  they 
approac}i  the  poles ;  and  allusion,  without  explanation,  bus  beeB 
made  (§  2l2)  to  the  tjourco  whence  they  derive  their  northing 
and  their  southing.  Philosophers  formerly  held  that  the  trade- 
winds  are  drawn  towards  tlie  equator  by  the  influence  of  the 
direct  rays  of  the  sun  upon  the  atniosphero  there.  They  heated 
it,  expanded  it,  and  produced  rarefaction,  thereby  causing  a  rush 
of  the  wind  both  from  the  nortli  and  euutb ;  and  as  the  solar  rays 
"  lyed  with  greatest  eifect  at  the  equator,  there  the  ascent  of  the 
and  the  meeting  of  the  two  winds  would  naturally  bo.  8o  it 
held,  and  t>uoh  was  the  doctrine. 
233.  Effect  of  the  direct  lietU  of  the  sun  upon  the  trade-mndt. — 
But  the  direct  rays  of  thb  sun,  instead  of  being  most  powerfiil 
upon  the  air  at  the  equator,  are  most  powerful  where  the  sun  is 
vertical :  and  if  the  trade-winds  were  produced  by  direct  heat 
alone  from  the  sun,  the  place  of  meeting  would  follow  the  sun 
in  declination  much  mare  regularly  than  it  docs.  But.  instead 
of  so  fiiUuwiug  the  sun,  the  usual  place  of  meeting  between  the 
trade-winds  is  neither  at  the  equator  nor  where  the  sun  is 
vertical.  It  is  at  a  mean  between  the  parallels  of  5^  and  10°  or 
12' N.  It  is  in  the  northern  hemisphere,  notwithstanding  the 
faut  that  in  the  southern  euiumer,  when  the  sun  is  on  the  other 
side  of  the  line,  tlie  oarth  is  in  parihelioo,  and  the  amount  of 
heatTeoeived  from  the  vertical  ray  in  a  day  there  is  very  much 
greater  (,^}  than  it  is  when  she  is  in  aphelion,  as  in  our  luid- 
sniumer.  Fur  this  reason  the  southern  summer  is  really  hotter 
than  the  northera;  yet,  notwitlui  tan  ding  this,  the  soutb-oast 
trade-winds  actually  blow  the  air  away  from  under  this  hot 
I,  and  bring  it  over  into  the  northern  bomisphere. 
rerinto  the  northoni  hemisphere  aunnalty,  and  blow 
m  O'and  b"  K.  fur  11)3  days,*  whereas  tbe  north-east  trades 
rarely  tlie  force  to  reauh  the  south  side  of  the  equator  at  all. 
*  -The  Wauii  of  tlte  Sea,"  HaMtj'a  NauUcal  U<>uoj^i>li3,  So.  1. 


254.  Ute  two  syilentg  of  irade-vtindi  nrtequnl  both  in  force,  tlura* 
(ion,  and  tt^ilUy.^By  examining  the  log-books  of  seesels  while 
lailing  througli  the  north-east  and  south-east  trade-witid  belts, 
and  comparing  their  rate  of  sailing,  it  bae  been  aacertaine>d  thai 
ahips  sail  faster  witb  the  south-east  than  they  do  with  the  north- 
eaat  trade-winds,  and  that  the  south-east  blow  more  dajs  during 
the  year  th&n  do  the  north-east  trades.*  The  logs  of  vessels  that 
spent  no  less  than  1(;8,000  daj-s  in  sailing  through  these  two 
belts  of  wind  show  that  the  average  sailing  speed  through  the 
south-east  trade-wind  belt,  whicli  lies  between  the  equator  and 
30°  S;  IB  about  eight  miles  an  hour,  and  the  average  uumber  of 
uninterrupted  soutb-east  trade-wind  days  in  the  year  is  227. 
For  the  north-east  it  is  183  days,  with  strength  enough  to  give 
sbipB  an  average  speed  of  only  5.6  miles  an  hour.  Hence  it 
appears  that  the  two  systems  of  trade-winds  are  very  unequal 
both  as  to  force  and  stability,  the  south-east  aurpaaaiug  in  each 
case. 

255.  Effects  of  heat  and  vapour. — Moreover,  the  hottest  place 
within  the  trade-wind  regions  is  not  at  the  equator :  it  is  where 
these  two  winds  meet  (S  253).  Lieutenant  Warley  lias  oollatad 
from  the  abstract  logs  the  obsorvations  on  the  tempeiatun  of 
the  air  made  by  100  vessels,  indiscriminately  taken,  during  theii 
passage  across  the  trade-wind  and  equatorial  calm  belts  of  tha 
Atlantic.  The  observations  were  noted  at  each  edge  of  Iha 
calm  bolt,  in  the  middle  of  it,  and  b"  fjom  each  edge  in  the  ttsdiA- 
winds,  with  the  following  averages :  In  the  north-east  trader  S* 
north  of  the  north  edge  of  the  e<|uatorial  calm  belt,  say  in  Uti- 
tnde  14"  N.,  air  78° .69.  North  edge  calm  belt,  say  9°  N.,  air 
80°.B0.  Middle  of  calm  belt,  say  4i°  N..  air  82°.  South  edge, 
say  0",  air  82°.30  ;  and  5°  S.  (in  south-east  trades),  nir  81M4. 
These  thermometers  had  not  alt  been  compared  witli  slondarda, 
hut  their  differences  are  probably  correct,  notwithstanding  the 
means  tteniaelves  may  not  be  so.  Hence  wo  infer  the  south 
edge  of  the  calm  belt  is  1^.4  warmer  than  the  north.  The  ex- 
treme diSbrence  between  the  annual  isotherms  that  lie  betVecB 
the  parallels  of  30°  N,  ond  30°  8. — between  which  the  tradft- 
wind  belts  are  included — does  not  prolwhly  escoed  12°.  Ao- 
cording  to  the  experiments  of  Qay-Lossao  and  Dalton,  the  dila- 
tation of  atmospheric  air  due  to  a  cbiingo  of  12''  in  tempemlttre  i* 

•  Gea  Uauif's  Wind  and  CiUTBot  Charts,  vol.  U,  8tb  odJUoo,  Soiliss 
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:\  por  cent ;  that  is,  a  column  of  atmosphere  100  feet  high  will, 
liter  ila  temperature  has  been  raised  12",  bo  102^  feet  high. 
!  hjwever,  only  abont  one-thinl  of  the  direct  heat  of  the  sun  iit 
' '  isurbod  iu  ita  passage  down  through  the  almoEphere.  The  other 
Mo-thirds  are  employed  in  lifting  vapour  up  from  the  sea,  or  in 
^^  iirming  the  cnut  of  the  earth,  thence  to  he  radiated  off  again, 
uT  tx)  raise  the  tetnperature  of  sea  and  air  by  conduction.  The 
air  at  tlie  surface  of  Ihe  earth  receives  most  heat  directly  from 
the  sun ;  as  yon  ascend,  it  reeeivos  less  end  leas,  and  the  con- 
sequent temperature  becomes  more  and  mine  xmiform ;  eo  that 
the  height  within  the  tropics  to  which  the  direct  rays  of  the  sun 
nacead  is  not,  as  roason  suggests,  and  as  the  snow-lines  of  Chim- 
boraxoand  olher  mountains  show,  very  great  or  very  variable. 

25il.  ifurricanea  tujl  due  to  direct  h«al  of  the  au». — Moreover, 
daily  olxierTations  ebow  most  ooncluEively  that  the  strong  winds 
and  the  great  winds,  the  hurricanes  and  tornadoes,  do  not  arise 
from  the  direct  heat  of  the  sun,  for  they  do  not  come  in  the 
holiest  weather  or  in  the  clearest  skies.  On  the  contrary, 
winter  is  the  stormy  period  in  the  estra-tropical  regions  of  the 
north;*  and  in  the  south,  rains  and  galea— not  gales  nm! 
sunshine  ^ — accompany  each  other.  The  land  and  sea  breeaeH 
express  mf.re  thim  drjublo  the  amount  of  wind  force  which  the 
direct  heat  of  the  sun  is  capable  of  exerting  upon  the  trade- 
winds.  I  say  more  than  double,  because  in  the  land  and  sea 
breezes  the  wind-producing  power  acts  alternately  on  the  land 
and  <m  the  sea — in  opposite  scales  of  the  balance :  whereas  iu 
the  trade-winds  it  acts  all  the  time  in  one  scale— in  the  sea 
soale  i  and  the  thermal  impression  which  the  solar  ray  makes 
throngh  the  land  upon  the  air  is  much  greater  than  that  which 
it  loakcs  by  playing  npon  the  water. 

257.  7^  infitumce  of  other  ageiUa  rwfUircJ.— From  these  facts  ii 
■>  made  obvious  that  other  agents  besides  the  direct  and  reflected 

li.iitof  lliosun  are  concerned  in  produtdng  the  trade-winds.  Lei 
I  IK  inquire  into  the  nature  of  these  agents. 

258,  Where  ftmnd. — ITiey  are  to  be  found  in  the  unequal  die- 
tribution  of  land  and  sea,  and  rains,  as  between  the  two  hemi- 
spheres. They  derive  their  power  from  heat,  it  is  tnie,  but  it  is 
ciiiefly  Irom  the  latent  heat  of  vapour  which  is  set  free  during 
the  processes  of  precipitation.    The  vnpnur  itself,  as  it  rises  from 

•  Gales  at  the  AOimlie.  ObeemtCFT]'.  Wiuhington.  1850. 
t  Bbmn  nnd  Rain  Olurta. 
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,  is  (S  232)  no  feeble  agent  •  in  the  production  of  wind, 
nor  iH  It  inconsiderable  in  its  influence  ujion  the  trade-wiuds, 

259.  Viytoia-  a»  (me  of  the  eautet  of  the  Iradg-mtula. — Let  ua  con- 
sider this  influeuce.  A  ciibie  foot  of  watur,  being  converted 
into  vapour,  occupies  the  space  of  1800  cubio  teet,!"  This 
vapour  is  also  lighter  than  the  1800  cubic  feet  of  air  which  it 
displaces.  Thae,  if  the  displaced  air  weigh  1000  ounces,  the 
vnpour  will  weigh  (;23;  coneequentlj,  when  air  is  surcharged 
with  vaponr,  the  atmosphero  is  bulged  out  above,  and  the 
barometiic  pressure  is  diminished  in  proportion  to  the  voltuu 
which  flows  off  above  in  consequence  of  this  bulging  out 
Thus,  if  we  imagine  the  air  over  the  Atlantic  Ocean  to  be  all  in 
a  stata  of  rest,  and  that  suddenly  during  this  calnt,  colunms  of 
vapour  were  to  commence  rising  from  the  middle  of  this  ocoftu, 
we  con  understand  how  tlie  vrind  would  commence  to  flow  into 
this  central  space  from  all  around.  Now.  if  we  Imagine  no  other 
disturbing  cause  to  arise,  hut  suppose  the  evaporation  irota  this 
contml  area  lo  go  ou  with  ceaoeless  activity,  we  can  see  that 
there  would  be  a  system  of  winds  in  the  Atlantis  as  steady,  but 
perhaps  not  so  strong  us  the  ti-ades,  yet  owing  their  eajstenoa, 
nevertheless,  merely  to  the  formation  of  aqueous  vapour.  Bat 
this  is  not  all. 

260.  Blaek't  laa. — "During  the  conversion  of  solids  into 
liquids,  or  of  liquids  into  vapours,  heat  is  absorbed,  whiuh  k 
again  given  out  on  their  recoodensation."!  In  the  proo«ea  of 
oonverling  one  moaifure  of  water  into  vapour,  heat  enough  ii 
absorbed — t.  e.,  rendered  latent,  without  raising  the  teniperattm 
of  the  vnpour  in  the  least — to  raise  the  temperature  of  1000 
sach  nieasures  of  water  P;  when  this  vapour  is  condensad 
again  into  water,  wherever  the  place  of  recondensation  aia.j  fao. 
this  heat  is  set  free  again.  If  it  be  still  further  condensed,  U 
into  hail  or  snow,  the  latent  heat  rendered  sensible  during  the 
process  of  congelation  would  be  sufficient  to  raise  the  tempen^ 
ture  of  140  additional  measures  of  water  l". 

2til.  7^«  kiUnl  heat  Iraiupinlud  in  vapour. — In  this  beat  rendand 
latent  by  tho  processes  of  evaporation,  and  transported  hither  ud 

*  I  mil  sugtoinul  En  this  viow  b;  a  recent  paper  on  'the  fiirees  thai  pradon 
tUe  groit  currenta  of  llio  nii,  aud  of  llie  ocean,"  msiitly  read  befbra  the  Boyd 
Sudely  \ij  Tliomiia  Hopkinn. 

t  Bluuk  uu<l  Wiitt'»  EipcriniDnIa  on  Heat. 

X  Block's  luw.    It  u  Bu  itupartimt  oiw,  imJ  slioulil  be  remeiubered. 
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thither  by  Iho  wincla,  resides  the  chief 
power  which  givea  them  motion.     In  & 
the  winds  what  fitel  is  to  the  steom-engii 
eqoatoriul   culm  belt ;    there   it 
CBnyiug  it  up 
>  it  expand) 


)nrcs  of  the  dynaniicLil 
ue  Bspecta  vapoiir  is  to 
! ;  they  carry  it  to  the 
itangling  the  air,  and 
ith  it  as  it  goes.  As  it  aecenda  it  espanila, 
cool ;  and  afi  it  does  this  Hm  vapour  is 


condonecd.  the  latent  heat  of  which  is  thus  liberated ;  this  raises 
the  temperalure  of  the  nppor  air,  causing  it  to  be  rarefied  and  to 
Moend  atill  higher.  This  increased  rarefaction  calls  for  in- 
d  Telocity  on  the  part  of  the  inpouring  trade-winds  below. 
.  The  effect  nf  llie  deterti  upon  the  tTade-teinis. — Thus  the 
«  nniting  witli  the  direct  solar  my  would,  were  there  no 
rotAnicling  influences,  cause  the  north-east  and  floutli-east 

we-winds  to  rush  in  with  equal  force.  But  there  is  on  the 
J  aide  of  the  north-eaat  trade-winds  an  immense  area  of  arid 
•  fihina  for  the  heat  of  the  solar  ray  to  beat  down  upon,  also  an 
area  of  immense  precipitation.  Tbeise  two  sources  of  heat  hold 
back  the  north-east  trade-winds,  ax  it  were,  and,  when  the  two 
are  tinited,  as  they  are  in  Indift,  they  are  sutBcient  not  only  to 
hold  back  the  north-east  trade-wind,  but  to  reverse  it,  causing 
the  south-west  roonsoon  to  blow  for  half  the  year  instead  of  the 
north-east  trade. 

263.  Indiindimia  of  a  crtming  at  (he  calm  beltt. — We  have,  in  this 
difference  aa  to  strength  and  stability  (§  2M)  between  the  north- 
east and  Bonth-east  trade-winds,  another  link  in  the  chain  of 
SuiiM  tending  to  show  that  there  is  a  crossing  of  the  winds  at  the 
calm  belts,  The  greatest  amount  of  evaporation  takes  place  in 
the  southern  hemit^pbere,  which  is  known  by  the  simple  circum- 
sUnoe  that  there  is  so  much  more  sea-surface  there.  Tlie 
greatest  quantity  of  rain  falls  in  the  northern  hemisphere,  as 
both  the  roin-^uge  aud  the  rivers  show.  So  likewiise  does  the 
themioraeter ;  for  the  vapour  which  affords  this  excess  of  pre- 
cipitation brings  the  heat — the  dynamical  power — from  the 
Boutbeni  hemisphere ;  this  vaponr  transports  the  heat  in  the 
upper  regions  irora  the  equatorial  oloud-ring  ti  the  calms  of 
Cancer,  on  the  polar  side  of  which  it  is  liberated  as  the  vapour 
is  precipitated,  thus  assisting  to  make  the  nortltem  warmer  than 
the  southern  hemisphere.  In  those  norlhem  latitudes  where  the 
[irecipitation  of  vapour  and  liberation  of  heat  take  place,  aerial 
rarofociion  is  produced,  and  the  air  in  the  calm  belt  of  Cancer, 
which  is  about  to  blow  north-east  trade,  is  turned  back  and 
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called  ID  to  frtipply  tLe  indraught  towards  the  north, 
Qorth-eaat  trade-wiuda  being  checked,  the  Hoiith-east  ai 
tu  supply  the  largest  portion  of  the  air  that  is  required 
the  ascending  columnB  in  the  equatorial  calm  belt. 

264.  The  counter  trades — iliey  ajiproaeh  die  pole  m  spiral».~On 
the  north  side  of  the  trade-wind  belt  in  the  northern,  and  ou  tlw 
south  side  in  (he  southern  temi^phere,  the  prevailing  direction 
of  the  winde  ia  not  towards  the  equator,  but  exactly  in  the 
opposite  direeticn.  In  the  extra-tropical  region  of  each  hemi- 
sphere tie  prevailing  winds  blow  from  the  equator  totrarda  the 
poles.  These  are  the  counter- trades  (§  204).  The  precipitatiOD 
and  congelation  tliat  go  on  about  the  poles  produce  iu  the 
amount  of  heat  set  &ee,  according  to  Black's  law  (§  2fi0),  a 
rarefaction  in  the  upper  regions,  and  an  ascent  of  air  about  &6 
poles  similar  to  that  about  the  equator,  with  this  difference  how- 
ever: the  place  of  ascent  over  the  equator  is  a  line,  or  band,  or 
belt;  about  the  poles  it  is  a  disc.  The  air  rushing  in  from  ■]] 
sides  gives  rise  to  a  wind,  which,  being  operated  upon  byAe 
forces  of  dinmal  rotation  as  it  flows  norlL,  for  example,  will 
approach  the  north  pole  by  a  series  of  spirals  &om  the  south- 

2t>5.  T^e^  turn  with  Ihe  handi  of  a  teaieh  ehovi  the  gawth  pob, 
against  them  about  the  north. — If  we  draw  a  oirole  about  this  pole 
on  a  common  terrestrial  globe,  and  intersect  it  by  spirals  to 
represent  tbe  direction  of  the  wind,  we  shall  see  that  the  wind 
enters  all  parts  of  this  circle  from  the  south-west,  and  that,  con- 
sequently, there  should  be  about  each  polo  a  disc  or  oirculai 
apace  of  calms,  in  which  the  air  oeases  to  move  forward  as  'wind, 
and  ascends  as  in  a  calm  ;  about  the  Arctic  disc,  therefore,  then 
should  be  a  whirl,  in  which  the  ascending  column  of  air  revolves 
from  right  to  loft,  or  againsl  the  bands  of  a  watch.  At  tlie  aon& 
pole  the  winds  come  from  the  north-west  (S  213),  and  con- 
sequently there  they  revolve  about  it  mth  the  hands  of  a  watch. 
That  this  should  be  so  will  be  obvious  to  any  one  who  will  look 
at  the  arrows  on  the  polar  aides  of  the  calms  of  Cancer  and 
Capricorn  (Plate  I-,  5  215).  These  arrows  are  intended  ta 
represent  the  prevailing  direction  of  the  wind  at  the  surface  of 
the  enrtb  on  the  polar  side  of  theso  calms. 

266.  The  arrmct  in  ihe  dirufram  of  the  ua'mla.^The  arrows  that 
are  drawn  about  the  axis  of  this  diagram  are  intended  to  rrpr^ 
sent,  by  tbcir  flight,  the  mean  direction  of  the  wind,  and  lif 
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:  langtli  and  their  fent.hera  tbe  inefm  annual  duration  from 
b  quadrant.  Only  the  arro^vs  nearest  to  tbe  axis  in  eauh  belt 
of  5"  of  latitude  are  drawn  with  Buoh  nicety.  The  largest  arrow 
indicates  that  the  wind  in  that  belt  blowa  aimually,  on  the 
average,  for  t«n  months  ag  the  arrow  flies.  The  arrow  from  the 
next  most  prevalent  quarter  is  half- feathered,  provided  the 
average  annual  duration  of  the  wind  represented  is  not  less  than 
four  months.  The  unfeathered  arrows  represent  winds  having  an 
average  duration  of  lees  than  three  months.  The  arrows  are  on 
the  decimal  scale ;  the  longest  arrow — which  is  that  representing 
the  south-east  trade-winds  between  5"  and  10°  S.,  where  their 
avei'^e  duration  is  ten  months— being  half  an  inch.  Winds  that 
blow  five  months  are  represented  by  an  arrow  half  this  !ength, 
and  so  on.  The  half-bearded  arrows  are  on  a  scale  of  two  for 
DDo.  It  appears,  at  first,  as  a  singula]'  coincidence  that  the  wind 
should  whirl  in  these  discs  abont  the  poles  as  it  does  in  cyclones, 
viz.,  against  the  hand*  of  a  watch  in  the  northern,  with  them  in 
tlie  suuthei'n  hemisphere. 

267.  The  officet  of  tea  and  air  >n  the  fhyncal  economy. — To  act 

and  react  upon  each  other,  to  distribute  moisture  over  ihu  snr&ce 

of  the  earth,  and  to  temper  the  climate  of  diffurout  latitudes,  it 

would  seom,   aru  two  of  the  many  offices  assigned  by  their 

reator  to  the  ocean  and  tbe  air.     When  the  north-east  and 

mth-east  trades  meet  and  produce  the  equatorial  calms  (S  212), 

B  air,  by  the  timo  it  reaches  this  calm  bell,  is  heavily  Inden 

\  moisture,  for  in  each  hemisphere  it  has  travelled  obliquely 

_«  space  of  the  ocean.      It  has  no  room  for  escape  but 

s  upward  direction  (S  223).      It  expands  as  it  ascends,  and 

s  cooler;  a  portion  of  its  vapour  is  thus  condensed,  and 

in  tbe  shape  of  rain.     Therefore  it  is  that,  under 

6  calms,  wo  have  a  region   of  constant  precipitation.     Old 

i  tell  us  of  BUoh  dead  calms  of  long  continuance  here,  of 

!i  heavy  aud  constant  rains,  that  they  have  scooped  up  fresh 

r  from  the  sea  to  drink.     The  conditions  to  which  this  air  is 

sed  here  under  the  equator  are  probably  not  such  as  to  cause 

.te  all  the  moisture  that  It  has  taken  up  in  its  long 

p  aoroas  the  waters.      Let  us  see  what  becomes  of  the  rest ; 

r  Nature,  in  her  economy,  permits  nothing  to  be  taken  away 

1  which  is  not  to  be  restored  to  it  again  in  some 

lomo  time  or  other.     Consider 


I  aud  the  Mississippi,  for  example. 


le  great  r. 
We 


i  them  day 
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after  d.iy,  and  year  after  yoar,  diecliarging 
WBter  into  the  ocean.  "  All  the  rivers  run  into  the  sea,  yet  the 
sen  is  not  full." — Eccl.  i.  7.  Where  do  the  waters  eo  dischai^ed 
go,  and  where  do  they  como  from?  They  come  from  tfaair 
sourccB,  ie  the  ready  answer.  But  whence  are  their  Bonrces 
supplied  ?  for,  Dnlesa  what  the  fouatitin  tiends  forth  be  re- 
turned to  it  again,  it  will  fail  and  be  dry.  We  see  simply,  in 
the  waters  that  are  discharged  by  these  rivera,  the  amount  1^ 
which  the  precipitation  exceeds  the  evaporation  throughout  tie 
whole  extent  of  valley  drained  by  them ;  and  by  precipilalion  I 
mean  the  total  amount  of  water  that  falls  from,  or  is  deposited 
by  the  atmosphere,  whether  as  dew,  rain,  hail,  or  snow.  The 
springs  of  these  rivers  (§  191)  are  supplied  from  the  rains  of 
heaven,  and  these  I'ains  are  formed  of  vapours  which  are  taken 
up  from  tiie  sea,  that  "it  be  not  full,"  and  earned  up  to  the 
mountains  through  the  air.  "Kote  the  place  whence  the  rivers 
come,  thither  they  return  again."  Behold  jiow  the  waters  of  the 
Amazon,  of  the  MiBsissippi,  the  St.  Lawrence,  and  all  the  great 
rivers  of  America,  Europe,  and  Asia,  lifted  up  by  the  atmosphere, 
and  flowing  in  invisible  Btreams  back  through  the  air  to  their 
sources  among  the  hilU  (S  191),  and  that  through  channels  as 
regular,  certain,  and  well-defined,  that  the  quantity  thus  oon- 
veyod  one  year  with  the  other  is  nearly  the  same :  for  that 
quantity  which  we  see  running  down  to  the  ocean  throngh 
rivers  ;  and  the  quantity  discliargod  annually  by  each 
as  far  as  we  can  judge,  nearly  a  constant. 

268.  Poirier/id  machinery. — Wo  now  begin  to  conceivi 
powerful  machine  the  atmosphere  must  bo;  and,  though 
apparently  so  capricious  and  wayward  in  its  movements,  here  is 
evidence  of  order  and  arrangement  which  we  must  admit,  and 
proof  which  we  cannot  deny,  that  it  performs  this  mighty  office 
with  regularity  and  certainty,  and  is  therefore  as  obedient  ■  law 
BB  is  the  steam-engine  to  the  will  of  its  builder.  It,  too,  is  an 
engine.  The  South  Seas  themselves,  in  all  their  vast  inters 
tropical  eitent,  are  the  boiler  for  it,  end  the  northern  hemisphere 
is  its  condenser  (§  24).  The  mechnnioal  power  OJterted  by  the 
air  and  the  sun  in  lifting  water  from  the  earth,  in  transporting  it 
from  one  place  to  another,  and  in  letting  it  down  again,  is 
inconceivably  great.  The  utilitarian  who  compares  the  water- 
power  that  the  Falls  of  Niagara  would  affonl  if  applied  to 
maohinety,  is  astonished  at  the  number  of  figures  which 


is  the 


wuion  ufr     I 
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Bnired  lo  expreee  its  equivaltiDt  in  horso-power.      Vet  what  ie 

■  boive-power  of  the  N  iagara.  falling  &  few  ateps,  in  comparisoD 

■tfa  the  horse-power  that  is  required  to  lift  up  as  high  as  the 

nds  and  lot  ilown  again  all  the  water  that  is  discharged  inU 

0  6ca,  »r>t  only  bj-  iliie  river,  but  by  all  the  other  rivers  and  all 

:lie  world?    The   culuiilation  hua  been  nmde  by 

p'neerB.  and,  according  to  it,  the  force  for  making  and  lifting 

■pom  Erom  each  area  of  one  acre  tliat  is  included  on  the  Burfaco 

■tha  eftrth  is  eqnal  to  the  jiowfr  of  aO  UorseB. 


CHAPTER  V. 

S  270-303.— RAINS  Ain>  rivehs. 

270.  Birer*  considered  a»  nan-gauget — the  fen  largeet. — Eivora 

the  rain^^ngea  of  nature.     The  volnme  of  water  annuallj 

;b&Tged   by   any  river    into    the    sea   expresses  the    total 

_    lonnt  by  which  the  precipitation  npon  the  valley  drained  by 

such  river  exceeds  the  evaporation  from  the  same  valley  during 

the  year.     There  are  but  ten  rivers  that  we  shall  treat  as  raiti- 

gaugcs;  and  there  are  only  ten  in  the   world  whose  valleys 

ide  an  area  of  more   than   500,000  square  miles.     They 
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stated  in  round  numbers,  and  according  to  the 
authorities.  The  basin  of  the  Amazon  is  usually  oompnted 
1,512,000  square  miles;  but  such  computation  excludes  the 
Tooantines,  204,000  square  miles,  which  joina  the  Amazon  near 
its  mouth,  and  the  Orinoco,  with  a  Lydrographiu  area  of  252.000 
■qnare  miles,  which,  by  means  of  the  Casiquiare,  ie  connected 
ith  the  Amazon.     We  think  that  these  three  rivers  should 
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sll  be  regarded  as  betoiiging  to  one  hydrographio  baiiin,  for  a 
canoe  tnay  pass  inland  from  any  one  to  oitlier  of  the  othera  with- 
out portage.  Of  theae  hydrographic  basins,  three,  including  an 
urea  of  3,916,000  square  miles,  (ii*  American;  eis,  which  o 
tain  an  area  of  3,772,000  square  miles,  belong  to  Aeia,  one  | 
Africa,  and  none  to  Europe.  The  three  largest  rivei 
the  Yenisei,  Obi,  and  Lena  (2,104,000  square  miles},  disckoi 
their  waters  into  the  Arctic  Ocean  ;  their  outlets  are  beyond  t] 
reach  of  the  commoruial  world ;  consequently  they  do  not  f 
sesB  tlie  interest  which,  in  the  minds  of  men  gonorally, 
lachod  to  the  rest.  The  three  others  of  Asia  drain  I,ti6 
square  miles,  and  ran  into  the  Pacific ;  while  the  whole  Amedy 
can  system  feed  wilb  their  waters  and  their  commeroe  T 
Atlantic  Ocean.  These  rivers,  with  their  springs,  give  drink  tl 
man  and  Least,  and  nourish  with  their  waters  plants  and  np- 
tiles,  with  fish  and  fowl  not  a  few.  The  capacity  of  their  bauns 
for  production  and  wealth  is  without  limits.  These  streams  an 
the  great  arteries  of  inland  commerce.  Were  they  to  dry  up, 
political  communities  would  be  toin  asunder,  the  harmoniea  of 
the  earth  would  be  destroyed,  and  that  beautiful  adaptation  of 
physical  forces  to  terrestrial  machinery,  by  which  olimat«e  ■ 
regulated,  would  lose  its  adjustment,  and  the  seasons  would  r 
wild,  like  a  watch  without  a  balance, 

271.  Heal  required  to  lift  vnpour  ftjr  these  rivers. — Wo 
majestic  streams  pouring  their  waters  into  the  sea,  and  from  U 
sea  we  know  those  waters  must  come  again,  else  the  eea  v 
be  full.     We  know,  also,  that  the  sunbeam  and  the  sea-bre 
BUck  them  up  again  ;  and  it  is  curious  to  fancy  such  volumes  o 
water  as  this  migh^  company  of  t«n  great  rivers  is  continually 
marching  down  to  the  sea.  taken  np  by  the  winds  and  the  sun, 
and  borne  away  again  through  the  invisible  ohannels  of  the  «r 
to  the  springs  among  the  hills,      ITiis  operation  is  perpetually 
going  on,  yet  we  perceive  it  not.     It  is  the  work  of  that  in- 
visible, imponderable,  omnipresent,  and  wonderful  agent  culled 
heat.     lliiB  is  the  agent  which  conti'ols  both  sea  and  a' 
movements  and  in  many  of  their  ofGces.     The  average  amoi 
of  heat  daily  dispensed  to  our  planet  from  the  source  of  lighta 
the  heavens  is  enough  to  molt  a  coating  of  ice  completely  t 
easing  the  earth  wilh  a  film  Ij  in,  in  thickness.*     Hoat  i 
f^nt  that  distils  for  us  fresh  water  from  the  sea.     It  pumps  1 
■  Dtduoad  bom  tbe  expetlaeata  of  PooillBL 
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it  of  the  ocean  all  the  water  for  our  liikeB  aod  rivers,  and  gives 
r  tti  the  windfi  to  trunsport  it  as  vapour  thence  to  the  moaa- 
And  thougU  this  is  but  a  part  at  the  work  which  in  tho 
astriul  ecODomy  haa  been  assigned  to  tbiB  mighty  agent,  we 
tty  acquire  much  pi-olitable  knowledge  by  examining  its  opera- 
B  here  in  various  aspeuta.  To  asBist  in  this  nndortaking  I 
|ve  appeftied  to  the  ten  greatoHt  rivera  for  terms  and  measursB 
k  which  Bumo  definite  idea  may  be  conveyed  us  to  tho  magni- 
e  of  the  work  and  the  immense  phyHico-macbanical  power  of 
this  imponderable  and  invisible  agent  called  heat.-  Calculatione 
bave  been  mude  which  bhow  that  the  great  American  Jakes  con* 
tain  11.000  oubic  miles  of  wahir.  This,  according  to  the  beet 
mputation,  is  twice  as  much  as  ifl  cunlAined  in  alt  tbe  Other 
h*water  lakes,  and  rivere,  and  oisteme  of  the  world.  The 
asiBsippi  River  doee  not,  during  a  hundred  years,  diechat^ 
1  the  Bea  bo  large  a  volnine  of  water  as  is  at  this  moment 
Uined  in  the  great  northern  lakes  of  this  continent ;  and  yet 
■  agent,  whose  works  we  are  about  to  study,  operating  through 
Is  winds,  has  power  annually  to  lift  up  &am  the  sea  and  pour 
lown  tipon  the  earth  in  grateful  showers  fresh  water  enough  to 
fill  the  gieat  American  lakes  at  least  twenty  limes  over. 

272.  Bain-fail    in   Ao   Sfiatitmppi    Valley. — That   we    may   be 
miablEid  th«>  better  to  appr<)ciate  the  power  and  the  majealy  of 
Hie  thermal  forces  of  the  sun,  and  comprehend  in  detail  the  mag- 
nitude and  grandeur  of  their  operations,  let  ub  inquire  how 
macli  raiu  falls  annually  upon  the  water-sheds  of  one  of  these 
a,  as  of  the  Mississippi ;  how  much  is  carried  off  by  the 
l*r;  how  much  is  taken  up  by  evaporation ;    and  how  much 
it  is  evolved  in  hoisting  up  and  letting  down  all  this  water, 
another  chapter  we  shall  inquire  for  cho  springs  in  tLe  sea 
t  feed  the  clouds  with  rain  for  these  rivers.     If  wo  had  a 
Bol  of  water  one  mile  square  and  six  inches  deep  to  be  evapo- 
1  by  artificial  beat,  and  if  we  wished  to  find  out  how  much 
mid  be  required  for  the  purpose,  we  should  learn  from  Mr. 
'e  experiuients  tliat  it  would  require  about  as  much  as  is 
rolved  in  the  combualiou  of  30,000  tons  of  coal.     Thus  we 
n  (S  271)  our  unit  of  measure  to  belp  us  iu  the  calculation ; 
r  if  the  number  of  iiquare  miles  ountainod  in  the  Mississippi 
Uley,  and  the  number  of  iuoiies  of  rain   that  fall  upon  it 
lually  be  given,  then  it  will  be  easy  to  tell  how  many  of 
h  huge  measures  of  heat  are  set  &ee  during  the  annual  ope- 


f 


lOS      pHTsicAL  aEOfiBAriry  of  the  ska,  asp  rrs  sibteoeoloct.^ 

mtion  of  condensing  the  rain  for  our  hydrographic  basin.  And 
then,  if  we  could  tell  how  many  inches  of  this  rain-woter  ai« 
again  taken  up  by  evaporation,  we  should  have  the  data  for  d»- 
tarnuning  the  munher  of  ibeee  monfftrons  measures  of  heat  that 
are  employed  for  that  operation  also. 

273.  lU  area,  and  ths  lateTtt  hi-at  liherateil  daring  the  proceatet  of 
eoHdetaation  Uiere. — The  area  of  the  Mississippi  Valley  is  said  by 
physical  geographers  to  embrace  982, DOO  square  miles  ;  and 
upon  every  square  mile  there  is  an  annual  average  rain-fall  of 
40  inches.  Now  if  we  multiply  982,000  by  the  number  of  times 
()  will  go  into  40,  we  Hball  have  the  number  of  our  units  of  heat 
that  are  annually  set  free  among  the  clouds  that  give  rain  to  the 
MisBiBsippi  Valley.  Thus  the  imagination  is  alartled,  and  the 
mind  overwhelmed  with  the  announcement  that  the  quantity  of 
heat  evolved  from  the  vapours  as  they  ore  condensed  to  supply 
the  Mississippi  Valley  with  water  is  as  much  as  would  be  set 
free  by  the  combustion  of  30,000  tons  of  coal  multiplied  6.540,000 
times.  Mr.  Joule,  of  Manchester,  is  our  authority  for  the  heat* 
ing  power  of  one  pound  of  coal ;  the  Army  Meteorological  B&- 
gister,  oompiled  byLorin-Blodget,  and  published  bythe  Surgeon 
General's  Office  at  Washington  in  1S55,  is  tho  authority  on  which 
we  base  our  estimate  as  to  the  average  annual  fall  of  rain ;  and 
tho  annals  of  the  National  Observatory  show,  according  to  the 
observations  made  by  Lieutenant  Marr  at  Memphis  in  Tennes- 
see, the  annual  fall  of  rain  there  to  bo  49  inches,  the  annual 
evaporation  43,  and  the  quantity  of  water  that  annually  [)asse8 
by  in  the  Mississippi  to  be  93  cubic  miles.  The  water  required 
to  cover  to  the  depth  of  40  inches  an  area  of  982,000  square 
miles  would,  if  coUeeted  together  in  one  place,  make  a  sea-one 
mile  deep,  with  a  Huperficial  area  of  620  square  miles. 

2T4.  Annual  dixehari/e  of  the  Mie'iieijijA  River. — It  is  esdmaled 
that  the  tributaries  which  the  MissisKippi  River  receives  below 
Memphis  increase  the  volume  of  its  waters  about  one-eighth,  so 
that  its  annual  average  discharge  into  the  sea  may  be  estimated 
to  be  abotit  107  cubic  miles,  or  about  one-sizth  of  all  the  rain 
that  falls  upon  its  water-shed.  This  would  leave  513  oubio 
mites  of  water  to  be  evaporated  from  this  river-baain  annually. 
All  the  coal  that  the  present  mining  force  of  the  country  could 
raise  from  its  coal  measures  in  a  thousand  years  would  not, 
daring  its  combustion,  give  out  as  much  heat  as  is  rendered 
latent  annually  in  evaporating  this  water.     Utterly  insignificant 
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Uio  sources  of  mui'a  meohanical  piiwcrs  when   compared 
ith  those  employed  l>y  nature   in  moving  laachiQury  which 
fartngs  the  eeasone  round  and  preserves  the  liarmonieB  of  creatiun ! 
275.  PhgiiaU  adaptatiotit. — The  HOiuunt  of  heat  requii'ed  to 
reoouvert  theiie  513  cubic  miles  of  ruin-water  into  Tapour  and 
bear  it  away,  had  accumulated  in  the  MiHsiesippi  Valley  faster 
than  the  earth  could  throw  it  off  by  radiation,     Its  continuance 
there  would  have  been  incousistent  with  the  terrestrial  economy. 
From  this  slaud-point  we  see  bow  the  rain-drop  is  made  to  pre- 
tbe  harmonica  of  nature,  and  how  water  firum  the  sea  ia 
tJ)  ciirry  off  by  re-evaporation  from  the  plains  and  valley's 
the  earth  their  Hurplusage  of  beat,  which  could  not  otherwise 
he  got  rid  of  without  first  disturbing  the  terrestrial  arrange- 
ments, and  producing  ou  the  land  dusulation  and  a  desert.     Be- 
hold now  the  offices  of  clouds  and  vapour — the  adaptations  of 
heat     Clouds  and  vapour  do  sumething  more  than  brew  storms, 
fetch  rain,  and  send  down  thunder-bolts.     The  benignant  vapours 
oool  our  climates  in  summer  by  rendering  latent  the  excessive 
of  llie  noonday  sun ;  and  they  temper  theui  in  winter  by  ron- 
ig  sensible  and  restoring  again  to  the  air,  that  self-same  heat. 
27(i.   ft^etice  eome  tlie  rains  /or  tlie  Miuitaippi. — Whence  came. 
id  by  what  channels  did  they  come,  thet<e  cubic  miles  of  water 
'  ich  the  Mississippi  Kiver  pours  aunniiUy  into  the  sea?     The 
1  has  told  us  they  come  from  the  sea.     Let  us  ex 
for  their  place  and  the  air  for  their  channel.     The 
of  Hesico  cannot  furnish  tain  for  all  the  Mississippi  Valley. 
Gulf  lies  within  tho  region  of  the  north-east  trades,  and 
these  winds  cony  its  vapours  off  to  the  westward,  and  deliver 
them  in  rain  to  the  hills,  and  the  vaUeys,  and  the  rivers  of 
Mexico  and  Central  America.     The  winds  that  bring  the  rains 
for  the  upper  Mississippi  Valley  come  not  from  the  south ;  they 
come  fioQi  the   direction  of  the  Kocky  Mountains,  the  Sierra 
Nevada,  and  the  great  chain  that  skirts  the  Pacific  coast.    It  is, 
irefore,  needless  to  search  in  the  Uulf,  for  the  rain  ihut  comes 
it  upon  that  valley  is  by  no  means  suffleieut  to  feed  one 
of  iu  springe.    Let  us  next  examine  the  Atlantic  Ocean, 
include  its  slopes  also  iu  the  investigation. 
7.  Tha  north-catt  Irwlta  of  the  AllatUic  $aipply  rains  onlgfor  tlie 
of  CimtTal  and  Soatk  Amerifa.~Tho  north-east  tnula- wind 
of  tiiis  ocean  extends  (S  210)  from  the  parallel  of  30^  Iu 
uijuator.      These  winds  carry  their  vapour  before  them,  and, 
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meeting  the  south-ee^t  trade-wind,  the  two  form  clouds  whicli' 
give  rain  oot  only  to  Central  America,  but  Diej  drop  down,  ttleo, 
water  in  abundanco  for  the  Atratu,  the  Magdalena,  the  Orinoco, 
the  Amazon,  and  all  the  great  rivers  of  intertropical  America ; 
alflo  for  the  Scnt-gol,  the  Niger,  and  tiie  Congo  of  Africa.  So 
completely  in  the  rain  wrung  out  of  these  winds  for  these 
American  rivers  bj  the  Andes,  that  they  become  dry  and  rainlesM 
after  passing  this  barrier,  and  as  such  reach  the  western  shores  of 
the  continent,  producing  there,  aa  in  Peru,  a  rainless  re^on. 
The  place  in  the  sea  whence  our  rivers  oome,  and  whence  Europe 
is  supplied  with  rains,  is  clearly  not  to  be  found  in  this  part  of 
the  ocean. 

278.  The  calm  hell  nf  Cancer  faTmtheslilSe or  na  rain. — Between 
the  parallels  of  30"'  and  35°  N.  lies  the  calm  belt  of  Concsr. 
a  region  where  there  is  no  prevailing  wind  (see  Diagram  of  the 
winds,  Plate  I.).  It  is  a  belt  of  light  airs  and  oalms— of  airs  ao 
baffling  that  they  are  often  insufficient  to  carry  off  the  "  loom," 
or  that  stratum  of  air,  which,  being  charged  with  vapour,  uoven 
calm  seas  as  with  a  film,  as  if  to  prevent  farther  evaporatioa. 
This  belt  of  the  ocean  can  scarcely  be  said  to  furnish  any  vi^ui 
to  tiie  land,  for  a  i-ainless  country,  iwtb  in  Africa,  and  Asia,  and 
America,  lies  within  it. 

279.  The  North  Allanlic  intufficicnt  to  supply  rain  far  so  large  a 
portion  of  the  earth  a»  one-gixlh  of  all  the  land. — AU  Europe  is  on 
the  north  side  of  this  calm  bolt.  Let  ua  extend  our  seardi,  then, 
to  that  part  of  the  Atlantic  which  lies  between  the  parallela  of 
35"  and  60'  N..  ta  see  if  we  have  water  surface  enough  there  to 
tropply  rains  for  the  8^  millions  of  square  miles  that  are  era 
braced  by  the  water-sheds  mider  consideration.  The  area  of 
this  part  of  the  Atlantic  is  not  quite  5  miltions  of  B<{uure  miles, 
and  it  does  not  include  more  than  one  thirtieth  of  the  entire  sea 
surface  of  our  planet,  while  the  water-sheds  under  consideratioa 
contain  one-sixth  part  of  its  entire  land  surface.  The  natural 
proportion  of  land  and  water  anrfac-e  is  nearly  ns  1  to  3. 
Acoordiug  to  this  ratio,  the  extent  of  sea  surface  required  to  givQ 
rain  for  these  8i  millione  of  square  miles  would  be  a  little  avmt 
25,  instead  of  a  litlJe  less  than  6  millions  of  sqnare  miles. 

280.  Daili/  rate  of  evaporation  at  tea  le»»  than  on  land — u^Mrmi- 
tion*  teanted. — The  state  of  onr  knowledge  concerning  the  actual 
amount  of  evaporation  that  is  daily  going  on  at  sea  has,  notwith- 
atanding  the  aotiviliy  in  the  fields  of  physical  research,  beeB  X 
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I  improTod.      Eeonrds  as  to  tbe   amonnt  of  water  daily 

KiiBted  from  a  plale  or  (Ikh  on  shore  atlbrd  ns  no  means  of 

D  what  is  going  ou  cvcu  in  iLo  some  Itititude  at  sea. 

^waler  in  salt,  and  doaa  not  throw  off  its  vapour  aa  freely  as 

Moreover,  the  wind  that  blows  over  the  ovaporat- 

I  iwh  OD  ehore  is  often  dry  and  freidi.     It  comes  h-om  the 
intains,  or  over  the  plains  where  it  found  little  or  no  water 

llt^nk  up;  therefore  it  reaohos  the  observer's  dish  aa  thirsty 
',  and  drinks  up  vapour  from  it  greedily-  Now  Lad  the  . 
e  dish  been  placed  on  ibo  sea,  the  air  would  come  to  it  over 
■  wat^,  drinking  as  it  comes,  and  arriving  already  quite  or 
trly  aaturatcd  with  noisturo  ;  consequently,  the  obaervatioDB  of 
t  unonnt  of  evaporation  on  shore  give  no  idea  of  it  at  sea. 
h. '2dl.  RiMTt  are  gauge*  firr  Ifm  amount  of  effective  eeaporation. — 
1  physical  question  of  the  day  which  is  moro  worthy 
^f  ftttenticm  than  tbe  amount  of  effective  evaporation  that  is  daily 
going  ou  in  the  sea.  By  effeetive  I  mean  the  amonnt  of  water 
that,  in  the  shape  of  vapour,  is  daily  transferred  from  the  sea  to 
the  land.  The  volume  discharged  by  the  rivers  into  the  sea 
I '  (xpreaeea  (S  270)  that  quantity ;  and  it  may  be  ascertained  with 
'lerable  acouiacy  by  gauging  the  utbcr  great  rivers  as  I 
d  the  Misaigeippi  to  bo  gauged  at  JMomphia  in  1849. 
,.  362.  Impmiance  of  rain  arid  river  gauges.  —  Tlie  monsoons 
supply  rains  to  feed  the  rivers  of  India,  as  the  north-eaat  and 
south-east  trade-winds  of  the  Atlantic  supply  rains  to  feed  the 
rivera  of  Ceotral  and  South  America.  Now  rain-gauges  which 
will  give  ns  the  mean  annual  rain-fall  on  these  water-sheds,  and 
river-gangee  which  would  give  us  tbe  mean  annual  discharge  of 
the  principal  water-courses,  would  afford  data  for  an  excellent 
determination  as  to  the  amount  of  evaporation  from  some  parts  of 
the  ocean  at  least,  especially  for  tho  trade-wind  belta  of  tbe 
Atlantic  and  the  monsoon  region  of  the  Indian  Ocean,     All  the 

II  which  the  monsoons  of  India  deliver  to  the  land  the  rivers 
h^  India  return  to  the  sea.     And  if,  in  measuring  this  for  the 

*  olo  of  India,  our  gauges  should  lead  ua  into  a  probiihle  error, 
lOtmting  ilk  viiinme  to  kilf  tbe  discharge  of  tbe  Mississippi 
I'^Wver,  it  would  not  make  a  difference  in  the  computod  late  of  the 
^ettive  daily  evaporation  from  tbe  North  Indian  Ocean  exceeding 
the  one  two-thousandth  part  of  an  inch  (0.002  in.). 

283.  Eypsometry  in  the  Norlh  MntUic  peculiar. — That  p&n  of 
n  the  eilra-tropioal  Noi-th  Atlantic  uudor  consideration  is  peculiar 


B^lnd: 


112       PBMICAl, 

u  to  its  hypfiometry.  It  is  traTsreed  by  large  icebergs,  whiiA' 
ore  more  favourable  to  tlie  recondensation  of  its  vjipoura  than  go 
many  lalets  would  be.  Warm  waters  are  in  the  middle  of  it,  and 
botli  the  east  and  the  west  winds,  which  watt  its  vapours  to  the 
land,  have,  before  reaching  the  shores,  to  cross  currents  of  cool 
water,  as  the  iu-shore  current  counter  to  the  Uiilf  Stream  on  tiie 
western  side,  and  the  cool  drift  from  the  north  on  thu  east  sideh 
In  illustration  of  this  view,  and  of  the  influence  of  the  iceber;^ 
and  cold  onrrenta  of  the  Atlantic  upon  the  LyjiBomotry  of  that 
ocean,  it  in  only  neceBsary  to  refer  to  the  North  Pacific,  where 
there  are  no  icebergs  nor  marked  contrasts  between  the  tempeta- 
tura  of  its  currents.  Ireland  and  the  Aleutian  Islands  are 
situated  between  the  same  parallels.  On  the  Pacific  islands 
there  is  an  uninleiTupted  rain-fall  duiing  the  entire  winter.  At 
other  eeasons  of  the  year  sailoi^  describe  the  weather,  in  their 
log-books,  there  aa  "  raining  pretty  much  all  the  time."  ITiia  is 
far  from  being  the  case  even  on  the  western  coasts  of  Ireland, 
where  there  is  a  rain-fall  of  only  47*  inches — probably  not  more 
than  a  third  of  what  Oonalaska  receives.  And  sliuply  for  this 
reason;  the  winds  reach  Ireland  after  they  have  been  robbed 
(partially)  of  the  vapours  by  the  cool  temperatures  of  the  ice- 
bergs and  cold  cun'cnts  which  lie  in  their  way ;  wheroaa,  snob 
being  absent  from  the  North  Pacific,  they  arrive  at  the  islands 
there  literally  reeking  with  moisture.  Oregon  in  America,  and 
France  on  the  Bay  of  Biscay,  are  between  the  same  parallels  of 
latitude  ;  tbeir  situation  with  regard  both  to  wind  and  sea  is  the 
same,  for  each  has  an  ocean  to  windward.  Yet  their  annual 
rain-fall  is,  for  Oregon.f  05  inches,  for  France,  30.  None  of  the 
ialauds  which  curtain  the  shores  of  Europe  are  visited  aa  abun- 
dantly by  rains  as  are  those  in  the  same  latitudes  which  curtain 
our  north'West  coast.  Q'ho  American  water-shed  receives  about 
twice  as  much  rain  as  the  Eui'opean.  How  ehall  we  account  for 
this  difference,  except  upon  the  bupposilion  that  the  winds  from 
the  I'acifio  carry  (|  171)  more  rain  than  the  winds  from  tlie 
Atlantic?  ^Vhy  should  tlieydo  this,  except  for  the  iceberga  end 
cool  streaks  already  alluded  to  ¥J 

284.  lAnuied  capacUg  of  winds  to  take  uji  atui  tramjiorl,  far  lie 
rivers  of  Europe  and  America,  vapoar  from  the  North  Atlantie.-r~ 
may  v/Al  hv  doubted  whethiT  tlio  south-westerly  winds — wy 

■  Kuilti  Jolmsldti.  t  ATIn^Uetwtll]ogi(nlI^>utsr,  1 

I  Ecith  Joluuluti,  -Fhyiicai  AUw." 
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fctlie  prevuling  winds  in  this  part  of  the  Atlantic — cany  into 

It  interior  of  Europe  much  more  moisture  llian  they  bring  wiih 
I  into  the  Atlantic.  They  enter  it  wiUi  a  mean  annual 
temperature  not  far  from  6i>°,  and  with  an  average  Jew-jioiut  of 
abont  55°.  Thoy  leave  it  at  a  mean  temperature  varying  from 
flO^  to  40',  according  to  the  latitude  in  which  iiey  reach  the 
ahore,  and  ccnsequontly  with  an  average  dew-point  not  higher 
than  tlio  luoaa  temperatnre.  Classifying  the  winds  of  this  part 
of  the  ocean  according  to  the  halves  of  the  horizon  as  east  and 
weat.  the  mean  of  41,99y  obaervanons  in  tie  log-boote  of  the 
Obeervatory  shows  tliat,  on  the  average,  the  west  winds  blow 
annttally  230  and  the  coat  winds  122  dayii. 

285.  The  oapoar-itring*  for  all  tluste  rivers  not  in  ths  AllarUie 
Otxati. — Taking  all  these  facts  and  circumstances  into  considera- 
tion, nnd  witliout  pretending  to  determine  how  much  of  the 
water  which  the  rivera  of  America  and  Europe  cany  into  this 

t  of  tlie  ocean  comes  from  it  again,  we  may  with  coufidonce 
e  that  tJie  winda  do  not  get  vapour  enough  frova  this  part 
Kthe  ocean  to  give  rain  to  Europe,  to  the  Missiaaippi  Valley,  to 
r  Atlantic  slopes,  and  the  western  half  of  Aaiatic  Hussia.  We 
e  aatbority  for  this  conclusion,  just  aa  we  have  authoiily  to 
jT  that  the  evaporation  from  the  MediteiTanean  is  greater  in 
lount  than  the  volume  of  water  discharged  into  it  again  by  the 
rivers  and  the  rains ;  only  in  this  case  the  reverao  takes  plac<e, 
for  the  rivers  empty  more  water  into  the  Atlantic  than  the  winds 
cany  from  it.  This  feet  also  ia  confirmed  by  the  hydromelor, 
for  it  shows  that  the  water  of  the  North  Atlantic  is,  parallel  for 
parallel,  lighter  than  water  in  the  Southern  Ocean. 

286.  21c  ptifiM  in  the  *t-a  lehtnce  come  Uie  rivers  of  the  botM, 
^jUteovered^proves  the  erosatnij  at  the  eolm  btiU.^Tho  inference, 

"  ,,  from  all  tliis  is,  that  the  place  in  the  sea  (§  276)  whence 
■le  the  waters  of  the  Mississippi  and  other  great  rivers  of  the 
them  hcintaphere  is  to  he  found  in  these  southern  oceans,  and 
the  ohannets  by  which  tliey  come  are  to  be  searched  out  aloft,  in 
the  upper  currents  of  the  air.  Thus  wo  bring  evidence  and 
facts  which  seem  to  call  for  a  crossing  of  air  at  the  calm  belle,  as 
represented  by  the  diagram  of  the  winds,  I'late  I.  It  remains 
for  those  wlio  deny  that  there  is  any  such  crossing — who  also 
deny  that  extra- tropical  rivera  of  the  northern  are  fed  by  raina 
^^oondensed  from  vapours  taken  up  in  the  southern  hemisphere — 
^^^kthuiv  whencu  come  tlie  liuwhede  of  cubic  mileK  of  w;iX«t  viVvOlx 


^jUteover 

^pnetl 
HSsrther 
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"  pkce  "  of  all  (liia  water,  it  is  Idcueq- 
IS  the  winds  which  bring  it  also,  and  to 
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these  rivers  annually  p< 
Oceans.  In  finding  the 
bent  upon  them  to  show  i 
point  out  its  channeU. 

287.  Spirit  in ^lieh  the geareh  for  truth  ihoutdbe  eondacted. — "In 
the  greater  nuiubor  of  physioal  investigations  some  hypothesis 
is  requisite,  in  ibe  first  instance,  to  aid  the  imperfection  of  out 
senses ;  and  when  the  phenomena  of  nature  accord  with  the  ae- 
sumptioD,  we  are  juatified  in  believing  it  to  be  a  general  law."* 

288.  The  number  of  hiomii  fael)  that  are  reeoju^lrd  by  Ae  theory 
of  a  erotiing  ai  the  eolmhelU.^ln  \h\a  spirit  this  hypotlie^is  hiis 
been  made.  Withotit  any  evidence  bearing  npon  the  subject,  it 
would  be  as  philosophioal  to  maintain  that  there  ia  no  crossiiig 
at  the  oalm  belts  as  it  would  be  to  hold  that  there  ia  :  but  natim 
suggests  in  severul  instances  that  there  must  bo  a  crossing. 
(I.)  In  the  homogeneousness  of  the  atmosphere  (§  237).  The 
vegetable  kingdom  tnkes  from  it  the  impurities  with  whict 
respiration  and  combustion  are  continually  loading  it;  and  in 
the  winter,  when  tho  vegetable  energies  of  the  northern  hemi- 
sphere ore  asleep,  they  are  in  full  play  in  the  southern  hemi- 
sphere. And  is  it  consistent  with  the  spirit  of  true  philosophy 
to  deny  tho  esistence,  because  we  may  not  comprehend  Um 
nature,  of  a  contrivance  in  tbe  machinery  of  the  universe  which 
guides  the  impure  air  that  proceeds  from  our  chimneys  and  the 
nostrils  of  all  air-breathing  creatures  in  our  winter  over  into  tliA 
other  hemtsphors  for  re-elaboration,  and  which  conduotfi  ocrosa 
the  calm  places  and  over  into  this  that  which  has  been  re- 
plenished from  the  plains  and  aylvas  of  the  south  ?  (3.)  Most 
rain,  notwithstanding  there  is  mout  water  in  the  southern  heim> 
sphere,  falls  in  this.  How  can  vapour  thence  come  to  us  except 
the  winds  bring  it,  and  how  can  the  winds  fetch  it  eic^)t 
by  crossing  the  calm  places?  (ii.)  The  "sea-dust"  of  tita 
southern  hemisphere,  as  Ehrenberg  calls  the  red  fogs  of  tfae 
Atlantio,  lius  its  loan  on  the  other  side  of  the  equator,  but  it  ia 
found  on  the  wings  of  the  winds  in  the  North  Atlantic  Ocean. 
If  this  be  so.  it  must  cross  one  or  more  of  the  culm  belts.! 

•  Mra.  SoiiierviHe, 

t  Alter  tJiJi  hod  bren  written,  I  received  (rom  ni;  eoUeagoe,  Lieut  fVwfft 
•n  socount  of  t)ic  following  Utile  Icll-tale  apon  this  subject : — 

"  I  Ibnnri  a  conSnoatinn  of  four  theory  in  a  piece  of  rrgetablQ  cubslUM 
muRlit  in  D  Hinall  sock  (hoisted  up  altoTe  the  tops)  betveon  22°-2S°  laL  N>>M 
W-Saplong  W.    ThispiocBUBfthefnllowiDKdiinBiigiona:- '"^ 


BADfB  AND  ItlTJlBB.  115 

(4.)  Parallel  for  parallel,  tbe  soulhem  homiephere  from  the 
equator  to  40°  or  46°  S.,  is  tho  cooler.  Tbis  fact  ia  consistent 
with  the  Hupposition  that  tbe  heat  that  is  rendered  latent  and 
abstracted  from  that  hemiaphero  by  ila  vapours  is  set  free  by 
their  condeitsation  in  this.  Upon  no  other  hypothesis  than  by 
these  supposed  croBsings  can  ibis  fact  be  reconciled,  for  tbe 
amount  of  heat  anniuilly  received  from  the  sun  by  the  two 
bemiapberes  is,  as  astronomers  Lave  sbown,  precisely  the  same.* 
(5.)  Well-oouducted  observations  made  with  the  bjdromolar  f 
(S  285)  for  every  parallel  of  latitude  in  tbe  Atlantic  Ocean  from 
40"  8.  to  40"  N.,  show  that,  parallel  for  parsllel,  and  notwitb- 
etandiug  tbe  difference  of  temperature,  the  specifio  gravity  of 
sea-water  is  greater  in  the  southern  than  it  ia  in  the  northern 
hemisphere.  Thia  difference  as  to  the  average  condition  of  tlie 
I  to  1}  nun.  lat^,  I  mm.  thick,  and  wplgliiog  1  ^  milligmmB.  Om-  fiuaons 
micniscopLat  and  natotalist,  Profomr  P.  Uarting,  st  Uticcht,  told  me.  itttet  aii 
tsHot  inquiry,  'that  this  vi^etable  fmgmeut  Uaued  f^om  a  leaf  of  the  builj 
MoDoootylednD,  profaablj  nnc  ftoin  D  pnlm-trea,  but  fmm  a  PrulaiuiAen  at 
Scituoioes*— couBttiucntty.  from  trees  belonging  to  the  tropical  icgiooa.  Nnw 
I  un  Boie  it  comu  bom  the  tnpici.  I  am  greatly  nirpriscd  to  pensive  tbut  a 
^^■pM  of  leaf  of  this  dimoniloQ  could  nin  off  a  ilistancB  of  mnra  tliun  1200 
^^HjlBapluaal  milea  in  the  upper  togioiu  of  tbe  atmoaphere;  (or  tlie  neaieit 
^^^EMtDM  of  the  two  mutiaeiita,  Ami^rica  and  Afrira,  lay  at  tbe  aaid  clistanoB 
^^^^Btba  place  Tbero  this  Te^etablu  fngment  hu  cangbt,  by  tbe  canCujQca  of 
^^Vq)L  B.  Stapait.  one  of  the  muat  zcolmu  co-operatora.  There  ran  be  no  dottbt 
that  it  cornea  from  South  Amerii:a.  becsnse  the  direction  of  the  trade-trindB  on 
the  Wert  i.'Oiist  of  A&iea  i*  loo  northerly  to  bring  this  ftagoMmt  to  tliu  flndlnff- 
plaea  ia  25°  N.  and  38°  vr."—Lelttr  /nm  UviL  JMiait,  of  tbe  Dutch  Navy, 
data]  Utreclit.  Jan.  2.  1860. 

'  Tbe  amoimt  of  aolai  beat  annually  iiapiessed  upon  tlie  two  henuapheres  is 
ido^coll]' the  same ;  yet  vi thin  eertuin  latitudes  the  eoalbora  hemiB]ihcre  ia^ 
paralled  for  parallel,  the  cooler.  How  ijoea  it  become  bo?  If  it  be  tile  oooler 
'atadiatiDD,  thL-n  it  nmut  \n  modo  /t>  b?  nutinting  more  heal  tlian  it  nceiTcs; 
k  a  proceaa  would  be  cumukti>-e  !□  its  eSeuts,  and  were  it  to,  the  anutbera 
''t^tiK  would  bo  giadually  growing  oouIbt.  There  ii  no  eridenve  that  it  ia 
iwiQg,  and  the  iufcreni-e  tlint  it  ia  aeema  inadmiaaible.  Id  bet.  Uie 
n  bcmisphoe  mdiutas  loss  beet  than  the  nortbom.  though  it  teeeisin 
'  »n  the  aou.  And  It  nidialfa  morn,  for  Ihla  reawni ;  there  is  mom 
e  narthort) — bind  ia  a  bcllur  radiator  Ihun  walor— therefbre  the 
Ti  mdialea  mcce  bent  Uian  the  touthem  hemiapbere;  the  saathHii  has 
re  claada — dauda  pTeient  rodialioa — tdierefoie  tba  Mutliern 
£  nuliatea  Jam  beat  than  the  noitbem ;  atill  it  is  the  cooler.  Unw  is 
thia  [larudoi  to  be  rccjnciled  but  upon  the  auppodtioa  that  tlie  Boiilberii  aui- 
pluatge  ia  slowed  awiiy  in  rapouni,  trun^rled  Ibence  acroea  the  culm  bulta  by 
tbe  windi,  and  Uberaled  hj  piticipLtation  on  our  side  of  the  eqiialiir  ? 

f  EodgetHpiotbeVinccuacs.  Maury'a  aailiasIhrecliona,8lhud,,>i<S,\„-y.'C'i. 
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uen  on  diSerent  BideB  of  the  line  is  recouciled  by  tli6  hypothent 
which  requires  a  crossmg  at  the  calm  belt;.  I'he  vapour  whicb 
tunvcya  fresh  water  and  caloric  from  the  southern  hemisphere  to 
the  northern  will  in  part  account  for  this  difference  both  of  spe- 
cific gravity  and  temperature,  and  no  other  hypothesis  ■will. 
This  hydrometric  difference  indicates  the  amount  of  fresh  water 
which,  as  vapour  in  the  air,  as  streams  on  the  laud,  and  ae 
currents  in  the  sea,*  is  constantly  in  transitu  between  the  two 
hemispheres.  All  tbeee  facts  are  inconsistent  with  the  auppoBi- 
tion  that  tltere  is  no  crossing  at  the  calm  belts,  and  consistent 
with  the  hypothesis  that  there  is.  It  is  no  argument  against  the 
hypothesis  that  assumes  a  crossing,  to  urge  our  ignorance  of  any 
^ent  with  power  to  conduct  the  air  acrosa  the  calm  belts.  It 
would  be  as  reasonable  to  deny  the  red  to  the  rose  or  the  blnsh 
lo  the  peach,  because  we  do  not  comprehend  the  processes  by 
which  the  colouring  matter  is  collected  and  given  to  the  fruit  or 
flower,  instead  of  the  wood  or  leaves  of  the  plant.  To  aasume 
that  the  direction  of  the  air  is,  after  it  enters  the  calm  belt«,  left 
lo  chance,  would  be  inconsistent  with  our  notions  of  the  attri- 
butes of  the  great  Architect.  The  planets  have  their  orbits,  the 
stare  their  course,  and  the  wind  "  his  circuits."  And  in  the  oon- 
ijtruotion  of  our  hvpothesos.  it  is  pleasant  to  build  them  up  tm 
the  premiss  that  He  can  and  has  contrived  all  the  machinerj 
necessary  for  guiding  every  atom  of  air  in  the  atmospheio 
through  its  channels  and  according  to  its  circuits,  as  truly  and 
as  surely  as  He  huA  contrived  it  for  holding  comets  to  tfastf 
coureeB  and  binding  the  Gtars  in  tlieir  places.  1'hose  oirciUB- 
stances  and  othera  favouring  this  hypothesis  as  to  these  air- 
crossings,  are  presented  in  further  detail  in  Chaps.  VFI.,  IX., 
XI.,  and  XII.,  also  §340. 

'2%'j.  TV  (Umoipliere  lo  be  Bttulied  like  any  other  maehittery,  hg  it$ 
&peration». — ^In  obserring  the  workings  and  studying  the  ofHoea  of 
the  various  ports  of  the  pbyKioal  machinery  which  keeps  the 
world  in  order,  we  should  ever  remember  that  it  is  all  made 
for  it«  puqioses,  tlmt  it  was  planned  according  to  design,  and 
arranged  so  as  to  make  the  world  as  we  behold  it : — a  plaoe  tor 
the  habitation  of  man.  Upon  no  other  hypothesis  can  tlw 
student  expect  to  gain  profitable  knowledge  ooncemin(^ 
physics  of  sea,  earth,  or  air.     liegarding  these  elements  oS-S 

•  The  wolcr  whioh 
mj  loaUi  with  tbn  ul 
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^Hpd  philosophers  as  parts  only  of  the  same  piece  of  macliineiy,  we 
^^we  atruok  with  tlie  fiict,  and  disposed  to  inquire  why  is  it  that 
the  proportion  of  land  and  water  in  the  northern  hemisphere  is 
very  different  from  the  proportion  that  obtains  hetween  them  iu 
the  sonlhero  ?  In  the  northern  hemiBphere,  the  land  and  woter 
-  iire  nearly  oqnally  divided.  In  the  southern,  there  is  eeveral 
^^mes  muro  wAtor  than  land.  Is  there  no  conneotioa  between  the 
^^■•cliinery  of  the  two  hemiaphercs  ?  Are  they  not  adapted  tu 
I  ■  BUih  other?  Or,  iu  studying  tlie  physical  geography  of  onr 
planet,  shall  wo  regard  the  two  Iiemispheres  as  separated  from 
each  other  hy  an  impassable  harrier  ?  Bather  let  us  regard  them 
as  made  for  each  other,  as  adapted  to  oai'h  otber,  the  one  as  an 
essential  to  the  other,  and  both  as  parts  of  the  same  machine. 
So  regarding  them,  we  observe  that  all  the  great  rivers  in  the 
world  are  in  the  northern  hemisphere,  where  there  is  less  ocean 
to  supply  them.  Whence,  then,  are  their  resources  replenished  ? 
Those  of  the  Amazon  are.  as  we  have  seen  (S  27T),  supplied 
with  rain  from  the  equatorial  calms  and  trade-winds  of  the 
Atlantic.  That  river  runs  east,  its  branchea  come  from  the 
north  and  south ;  it  is  always  the  rainy  season  on  one  side  or 
the  other  of  it ;  consequently,  it  is  a  river  without  periodic 
stages  of  a  verj'  marked  character.  It  is  always  near  its  high- 
water  mark.  For  one  half  of  the  year  its  northern  tributaries 
are  finndcd,  and  its  southern  for  the  other  half.  It  discharges 
uiiderthe  line,  and  as  its  tributaries  come  from  both  hemispheres, 
it  cannot  be  said  to  belong  excliffiively  to  either.  It  is  mipplicd 
with  water  made  of  vapour  that  is  taken  up  from  the  Atlantic 
Ooean.  Talcingthe  Amazon,  therefore,  out  of  the  count,  tlie  Rio 
de  la  Plata  is  the  only  great  rirer  of  the  southern  hemisphere. 
There  is  no  laige  river  in  New  Holland.  The  South  Sea  Islands 
give  rise  to  none,  nor  is  there  one  in  South  Africa  entitled  to  be 
called  great  that  wo  know  of. 

290.  ArgutaenU  furnished  bg  tlie  Avert, — The  great  rivora  of 
North  America  and  North  Africa,  and  a!!  the  rivers  of  Europe 
and  Asia,  lie  wholly  within  the  northern  hcmiwphere.  How  ia 
it.  then,  considering  that  the  evaporating  surface  lies  mainly  in 
the  southern  hemisphere — how  is  it,  I  say,  that  we  should  have 
the  evaporation  to  take  place  in  one  hemisphere  and  the  conden- 
sation in  the  other  ?  The  total  amount  of  rain  which  falls  in 
the  northern  hemiBphero  is  much  greater,  meteorologists  tell  us, 
^^ttm  that  which  fulls  in  the  southern.     The  anunai  s.m<wa.\.  ul 
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niinm  the  north  temperate  zone  is  ha,lf  ils  much  again  as  thattt' 
the  south  temperate.  How  is  it,  tlien,  that  this  ■tajiour  gela,  M 
Mlated,  from  the  southern  into  the  northern  hemisphere,  and 
comes  with  such  regularity  that  our  rivers  never  go  dry  and  our 
springs  fail  not?  It  is  bocausti  of  these  air-croasings — IIicm 
beautiful  operations,  and  the  exquisite  compeitsatinn  of  this  grand 
machine,  the  atmosphere.  It  is  exqiiiaitely  and  wouderfiil!y 
counterpoised.  Late  in  the  antumn  of  the  north,  thiviughoiit  iti 
winter,  and  in  early  spring,  the  eun  in  pouring  his  rajs  with  the 
greatest  intensity  down  upon  the  seas  of  the  Houthem  hemispben; 
and  this  wonderful  engine  wliich  we  are  contemplating  is  pump- 
ing up  the  waltir  there  (§  2fi8)  with  the  greatest  activity,  aad 
sending  it  over  here  for  our  rivers.  The  heat  which  this  besTf 
evaporation  absorbs  becomes  latent,  and,  with  the  moisture,  IB 
carried  through  the  upper  regions  of  tJie  atmosphere  until  it 
reaches  our  climates.  Here  the  vapour  is  formed  into  cloudy 
(fludensed,  and  precipitated.  The  heat  which  held  this  water  ift 
the  state  of  vapour  is  set  free,  it  becomes  sensible  heat,  and  it  i§ 
that  [  (4),  S  288]  which  conti-ibulos  so  much  to  temper  tmi 
winter  climate.  It  clouds  up  in  winter,  turns  warm,  and  «• 
say  we  are  going  to  have  fallen  weather.  That  is  because  tha 
process  of  condensation  has  already  commenced,  though  no  ram 
or  snow  may  have  fallen  :  thus  we  feel  this  southern  beat,  that 
has  been  collected  from  the  rays  of  the  sun  by  the  sea,  bedfi 
bottled  away  by  the  winds  in  the  clouds  of  a  soutLern  eummei^ 
and  set  free  in  the  process  of  condensation  in  our  norlben 
winter.  If  Plate  I.  fairly  represent  the  course  of  the  winds,  He 
south-east  trade-winds  would  enter  the  northern  hemisphei^ 
and,  as  aa  upper  current,  bc&r  into  It  all  their  moisture,  except 
that  which  is  precipitated  in  the  region  of  equatorial  calmH,  utd 
in  the  crossing  of  high  mountain  ranges,  such  as  the  CordilleiM 
of  South  America. 

201.  Morerain  in  the  northern  than  in  lie  touthern  h< 
The  South  Seas,  then  (§290),  should  supply  mainly  the 
lor  this  engine,  while  the  northern  hemisphere  condenses  it;  «• 
should,  therefore,  have  more  rain  in  the  northern  hemisphevk 
The  rivers  tell  ub  that  we  have — the  rain-gauge  also.  Tb< 
yearly  average  of  rain  in  the  north  temperate  eone  is,  acoordlag 
to  Johnston,  thirty-seven  incheB.  He  gives  hut  twenty-siat  in  tht 
south  temperate.  The  observations  of  mariners  are  also  o<W* 
roborative  of  ihe  Batne.    Log-books,  containing  altogether 


k  for  npwards  of  260.000  daja  in  tlie  Atlantic  Ocean  north 
atb  (flute  XIII.),  hftve  been  carofiiUj  eiuraiued  far  the 
of  aacertaining.   for  ctnnparison,  iJie  number  of  culms. 
,*nd   gales  therein  recorded  for  eadi  hemisphere.     I'ro- 
h>lly  the  number  of  each  as  given  is  decidedly  greater 
north  than  it  is  for  the  south.     The  result  of  this  ex- 
Hoa  is  yery  instructive,  fur  it  shows  the  status  of  the  atmo 
to  be  luuuh  more  unstable  in  the  northern  hemisphere, 
B  excess  of  land,  than  in  the  southern,  with  its  oxcesa 
Kains,  and  fogs,  and  thunder,  and  calms,  aud  stoi-me, 
I  much  more  frequently,  and  are  more  in'egular  also  as' to 
le  and  place  of  their  occurrence  on  the  norlh  bide,  than 
—.0  on  the  other  side  of  the  equator.     Moisture  is  never  ex- 
ed  from  the  air  by  subjecting  it  from  a  low  to  a  higher 
lerattire,  but  the  reverse.      Thus  all  the  air  which  comes 
id  with  moisture  from  the  other  hemisphere,  and  is  borne 
this  with  the  south-cast  trade-winds,  travels  in  tlio  upper 
ms  of  the  atmosphere  (§  213)  until  it  reaches  the  calms 
uacer;  here  it  heoomes  the  surface  wind  that  prevails  from 
onthward  and  westward.     As  it  goes  north  it  grows  cooler, 
process  of  condensation  commeucos.     We  may  now  liken 
wet  sponge,  and  the  decrease  of  temperature  to  the 
sqneezcG  that  sponge.      Finally  reaching  the   cold 
all  the  moisture  that  a  dew-point  of  zero,  and  even 
cou  extmct,  is  wrung  from  it ;  and  this  air  then  corn- 
to  return  according  to  his  circuits"  as  dry  atmosphere. 
we  can  quote  Scripture  again:    "The  north   wind 
away  rain."     This  is  a  meterological  fact  of  high  au- 
ty,  and  one  of  great  significance  toa 

2,  He  trade-ieiitdi  the  eeaporatiny  wiittu.—  By  reasoning  in 
let  and  from  such  facts,  we  ore  forced  to  the  conclusion 
rivers  are  supplied  with  their  wat«rB  principally  from 
■wind  regions— the  estra- tropical  northern  rivers  from 
ira  trades,  and  the  extra-tropical  sunthem  rivers  from 
trade-winds,  for  the  trade-winds  are  the  evaporating 

t  talUtt  part  of  the  xfn.— ^Taking  for  our  guide  such 

caerings  of  light  as  we  can  catch  from  these   facts, 

5  these  views  to  be  correct,  then  the  saliest  portion 

A  should  be  in  the  trade-wind  regions,  where  the  water 

Pt«  mere  is  evaporated ;  and  there  the  soltest  portiom 
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are  fouml.  There,  too,  tiie  rains  full  leas  freqnentlj-  {I'lale  XIII.>> 
lir.  HuBchunberger,  of  tbo  Navy,  on  hja  last  voyage  to  India,  was 
kind  enough  to  conduct  a  series  of  observations  on  the  s[>eeiflo 
gi*vity  of  Eea-wat*r,  In  abont  the  parallel  of  li^iionh  and 
south — midmay  of  tho  trade-wind  regiona — he  found  tlie  heaviest 
water.  Tliowgh  so  warm,  the  water  there  was  heavier  (lian  the 
cold  water  to  the  eouth  of  the  Cape  uf  Good  Hope.  Lieutenant 
D,  D.  Porter,  in  the  steain-i^liip  Golden  Age,  fonnd  the  heavi«6t 
water  about  the  parallels  of  20°  north  and  17°  south-  Captain 
Kodgei-8,  in  the  United  States  ship  Vincenncs,  found  the  heaviest 
water  in  1 7"  north,  and  between  20°  and  25'  south. 

294.  Seeing  that  Ihe  southern  iiemifphere  affords  the  larfferi  eva- 
porating aurfaee^  horn,  utUch  there  be  a  erosting,  eavH  we  httM  moat 
rain  and  the  great  rivers  in  the  northern  f — In  Eumining  iip  the 
evidence  in  favour  of  this  view  of  the  general  system  of  atmo- 
spherical circulation,  it  remains  to  be  shown  how  it  is,  if  the 
view  be  correct,  there  should  be  smaller  rivers  and  less  rain 
in  the  soutliem  hemisphere.  The  winds  that  are  to  blow  as 
polav  the  north-east  trade-winds,  returning  from  the  ro^ooa, 
where  Iho  moisture  (§  292)  has  been  compressed  ont  nf  them, 
remain,  as  we  have  seen,  dry  winds  imlil  they  cross  Ihe  calm 
zone  of  Cancer,  and  are  felt  on  the  suiface  as  tire  north-enat 
trades.  About  two-thii-ds  of  them  only  can  then  blow  over  the 
oceaa  ;  the  rest  blow  over  the  laud,  over  Asia,  Africa,  and  Korth 
America,  where  there  is  comparatively  but  a  sniall  portion  of 
evaporating  surface  exposed  to  their  action.  The  zone  of  iha 
north-east  trades  eiiends,  on  an  average,  from  about  29'  north  ta 
7°  north.  Now,  if  we  examine  the  globe,  to  see  how  much 
uf  this  zone  is  land  and  hew  much  water,  we  shall  find,  com- 
mencing with  China  and  coming  over  Asia,  the  hrond  pan  of 
Africa,  and  bo  on,  across  the  continent  of  America  to  the  I'acific, 
land  enough  to  fill  up,  as  nearly  as  may  be,  just  one-third 
nf  it.  This  land,  if  thrown  intfi  one  body  between  these  pa- 
rallels, would  make  a  belt  equal  to  120"  of  longitude  by  22" 
uf  latitude,  and  oompriee  an  area  of  about  twelve  and  a  htilf 
millions  of  square  miles,  tims  leaving  an  evaporating  surfiuw 
of  abont  twenty-6vo  millinna  of  sqnarc  miles  in  the  northero 
against  abont  seventy-five  milHoiiH  in  the  Houtliern  hemiBphare. 
Aacordiug  to  the  hypothesis,  illustrated  by  Plate  1..  hs  to  Ihs 
circulation  of  tho  atmosphere,  it  is  these  north-enst  liade-winda 
that  take  up  and  carry  over,  after  they  rise  up  in  the  bd|_ 
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of  equatorial  calms,  the  vapours  which  make  the  lains  that  Tted 
the  riverfl  in  the  ©xtrB-tropioal  regions  of  the  ai.utLem  hemi- 
sphere. Upoa  this  supposition,  then,  two-thirds  ordy  of  the 
northern  trade-winds  arc  fully  charged  with  moisture,  and  oiily 
two-thirda  of  the  amount  of  rain  that  falls  in  the  northern  hemi- 
sphere shonld  fall  in  the  southern ;  and  this  is  just  abont  the 
proportion  ($  292)  that  observation  gives.  In  like  mnnner,  the 
south-oast  trade-winds  take  up  the  vapours  which  make  uur 
rivers,  and  as  they  prevail  to  a  much  fcreater  extent  at  Bc-a.  and 
liAve  nxposod  to  tlieir  action  about  twice  as  ranch  ocean  as  the 
north-east  trade-winds  have,  we  might  expect,  uccording  to  thw 
hypotheiiis.  more  mins  in  the  northern — and,  consequently,  more 
and  lai^r  rivem— ikin  in  the  southern  homisphero,  A  glance 
at  Plate  VIII.  will  show  how  very  mnch  larger  that  part  of 
the  ocean  over  which  tho  south-east  trades  prevail  is  than  that 
where  the  north-east  ti'ado-winds  blow.  This  eefimate  as  to 
the  quantity  of  rain  in  the  two  betoinpheres  is  one  which  is  not 
capable  of  verification  by  any  more  than  the  rudest  approxi- 
mations :  for  the  greater  extent  of  south-east  trades  on  one  side, 
and  of  high  mmintains  on  the  other,  mu!^t  each  of  necessity,  and 
independent  of  otiier  (^nl«,  have  their  el^'eote.  Nevertheless, 
this  estimate  gives  as  close  an  approximation  as  we  can  make  ont 
from  our  data. 

295.  The  Rainy  SetuoHB,  hme  eatued. — ^The  calm  and  trade-wind 
regions  or  belts  move  up  and  down  the  eurth.  annniilly,  in  latitude 
nearly  a  thousand  miles.  In  July  and  August,  the  zone  of  eqiia- 
Lorial  calms  is  found  between  7^  north  and  1 2°  north  ;  sometimes 
higher ;  in  March  and  April,  between  latitude  5'  south  and  2° 
north.*  With  this  fact  and  these  points  of  view  before  ua, 
it  is  easy  to  perceive  why  it  is  that  we  have  a  rainy  season 
in  Oregon,  a  rainy  and  dry  seaeon  in  California,  another  at 
Panama,  two  at  Bogota,  none  in  Peru,  and  one  in  Chili,  In 
'Jregon  it  rains  every  month,  but  abont  five  times  more  in  the 
winter  thnu  in  the  summer  monthfi,  Tbo  winter  there  is  the 
summer  of  the  sonthem  hemisphere,  when  this  steam-engine 
(§  24)  is  working  with  the  greatest  pressure.  The  vapour  that 
is  taken  up  by  the  south-east  trades  is  borne  alnng  over  the 
region  of  north-east  trades  to  latitude  35"  or  40°  north,  where 
it  deaoends  and  appears  on  the  surface  with  the  south-west  windi^ 
•f  those  latitudes.  Diiving  upon  the  highlands  of  the  continent, 
*  Seo  Ihe  Tnde-icind  Gwrt 
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this  'vapour  is  condenBed  and  precipitated,  during  this  part  of  fl 
year,  almost  ia  constant  sfaowors,  aad  to  the  deplli  of  about 
Uiirty  incbeH  in  tliree  montiia. 

296.  Tlie  rainy  Masons  of  Call/ornia  and  Panama. — In  tJie  winter 
the  calm  belt  of  Cancer  approacheB  the  equator.  Tbis  wtiolo 
system  of  zones,  viz.,  of  trades,  calnia,  and  westerly  winds, 
t'oUows  the  Gtm ;  and  they  nf  our  hemisphtire  are  nearer  the 
equator  in  the  winter  and  spring  months  thaa  at  any  othei 
season.  The  aoath-west  winds  commence  at  this  season  to 
prevail  as  far  down  as  the  lower  part  of  Oalifomia.  In  winter 
and  spring  the  land  in  California  is  cooler  than  the  sea  air.  and  is 
quite  cold  enough  to  extract  moisture  from  it.  Bat  in  summer 
and  autumn  the  land  ia  the  warmer,  and  cannot  condense  the 
vapours  of  water  held  by  the  air.  So  the  same  oaune  which 
made  it  rain  in  Oregon  now  makes  it  rain  in  California.  As  tl» 
sun  returns  to  the  north,  he  brings  the  calm  belt  of  Cancer  sal 
the  north-east  trades  along  with  him ;  and  now,  at  places  where, 
six  months  before,  the  south-west  winds  were  the  prevailing 
winds,  the  north-east  trades  are  found  to  blow.  This  is  the  case 
in  the  latitude  of  California.  The  prevailing  winds,  then,  in- 
i  of  going  from  a  warmer  to  a  cooler  climate,  as  before, 

K  going  the  opposite  way.  Consequently,  if,  under  them 
mstances,  they  have  the  moisture  in  them  to  make  rains  o^ 
f  cannot  precipitate  it.  Proof,  if  proof  were  wanting  that 
the  prevailing  winds  in  tlie  latitude  of  California  are  from  tJie 
westward,  is  obvious  to  ail  who  cross  the  Itocky  Monntains 
or  ascend  the  Sierra  Madre.  In  the  pass  south  of  the  Groat 
Salt  Lake  basin  those  west  winds  have  worn  away  the  hills  and 
polished  the  lock  by  their  ceaseless  abrasion  and  tlie  scouring 
efl'ects  of  the  driving  sand.  Those  who  have  crossed  this  pass 
are  astonished  at  the  force  of  the  wind  and  the  murks  there 
exhibited  of  it«  geological  AOEsaEs.  ranama  is  in  (he  region  of 
equatorial  calms.  This  belt  of  calms  travels  daring  the  year, 
back  and  forth,  over  about  17°  of  latitude,  coining  farther  north 
iu  the  summer,  where  it  tarries  for  several  months,  anil  then 
retuining  so  as  te  reach  its  extr«mB  southern  latitude  some  time 
in  March  or  April.  Where  these  calms  ai'e  it  is  always  raining, 
and  tlie  chart*  shows  that  they  hang  over  the  Intitnde  of  Pal 
from  June  to  November  ;  consequently,  from  June  to  Ko' 
ijB  the  rainy  season  at  I'anama.  1'he  rest  of  the  year  that  p 
>  TiiU  Trnd^-wind  Chart  ( Manrjr's  Wind  uid  Carrent> 
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i  the  r^ion  of  the  north-east  trades,  which  before  they  arrive 
a  have  to  cross  the  muuutaius  of  the  isthmus,  on  the  cool 
t  of  which  thoy  deposit  their  moiHtuie,  and  leave  Panama 
e  and  pleasant  until  the  sun  returns  north  with  the  belt  of 
iqntiturial  calms  after  him.  They  then  puah  the  belt  of  north- 
east trades  farther  to  the  north,  occupy  a  part  of  the  winter  zone, 
and  refresh  that  part  of  the  earth  with  aummor  rains.  This  belt 
of  calms  moves  over  more  than  dnnhle  of  its  breadth,  and  nearly 

Rnliro  motion  from  south  to  north  is  aocomplished  generally 
'o  monthx,  May  and  Jnne.  Take  the  parallel  of  4°  north  aa 
lustration  :  during  these  two  months  the  entire  belt  of  calms 
es  this  parallel,  and  then  leaves  it  lu  the  region  of  ihe  eouth- 
trades.  During  these  two  months  it  was  pouring  down  rain 
at  parallel.  After  the  calm  belt  passes  it  the  rains  eease, 
:he  people  in  that  latitude  have  no  more  wet  weather  till  the 
when  the  belt  of  calma  reci'osses  this  parallel  on  its  way 
to  the  south.  By  examining  the  "  Trade-wind  Chuvt,"  it  may  be 
t-een  what  the  latitudes  are  that  have  two  rainy  seasons,  and  that 
Bogota  is  within  the  hi-rainy  lulitudes, 

297.  The  Rainlem  Regiont. — The  coast  of  Peru  is  within  tha 
r^on  of  perpetual  south-east  trade-winds.  Though  tho  Peru- 
vian shores  are  on  the  vei^  of  the  great  South  Sea  boiler,  yet  it 
never  rains  there.  The  reason  is  plain.  The  south-east  trade- 
winds  in  the  Atlantic  Ocean  first  strike  the  water  on  the  coast  of 
Africa.  Travelling  to  the  north-west,  they  blow  obliquely  ac; 
tho  ocean  till  they  reach  the  coast  of  Itrazil.  By  this  time  they 
are  heavily  laden  with  vapoar,  which  they  continue  to  bear 
along  across  tho  continent,  depositing  it  as  they  go,  and  supply- 
ing with  it  the  sources  of  the  Rio  do  la  Plata  and  the  aoulliem 
tributaries  of  Ihe  Amazon.  Finally  they  reach  the  snow-capped 
Andes,  and  here  is  wrung  from  them  the  lust  particle  of  moisture 
tliat  tliat  very  low  temperature  can  extract.  Beaching  the  si 
mit  of  that  range,  they  now  tumble  down  as  cool  and  dry  winds 
aa  tlie  Pacific  slopes  beyond.  Meeting  with  no  evaporating 
anrfaoe,  and  with  no  temperature  colder  than  that  to  which  they 
were  subjected  on  the  mountain- tops,  they  reach  the  ocean 
belore  thoy  again  become  chafged  with  fresh  vapour,  and  be- 
fore, therefore,  they  have  any  which  the  Peruvian  climate  c 
extract.  The  last  they  had  to  spare  was  deposited  as  snow 
the  tops  of  the  Cordilleras,  to  feed  mountain  streams  under  the 
heat  of  the  sun,  and  irrigate  the  Tulleys  OQ  t\kQ  'nealbTU  tAo^oa.  | 


Thus  wc  nee  Iiow  the  top  of  the  Andaa  becomes  tlie  resorvt^iw 
from  whioh  are  supjilied  the  rivers  of  Chili  and  Vent.  The 
other  nunless  or  almost  rainless  Tegiima  are  the  western  coast  uf 
Meiico,  tlie  deserts  of  Africa,  Asia,  Korih  America,  aud  Australia. 
Now  shidy  the  geographical  fentiireB  of  tho  countrj'  i^iirroiinding 
those  regions ;  see  how  the  inounta.in  ranges  run ;  then  turn  tu 
Plate  VIII.  to  see  how  the  winds  blow,  and  where  tiio  sources 
are  (S  27i3)  which  supply  them  with  vapours.  This  Piat«  showa 
the  prevailing  direction  of  the  wind  only  at  sea ;  hut,  knowing 
it  there,  we  may  infer  what  it  is  on  the  land.  SupjKising  it  to 
prevail  on  Che  land  as  it  generally  does  in  correspnndiDg  latitudes 
at  sea,  then  the  Plate  will  su^i;est  readily  enough  how  the  winda 
that  blow  over  these  deserts  came  tu  bo  robbed  of  their  moisture, 
or,  rather,  to  have  so  much  of  it  takun  from  them  iis  to  rodnos 
their  dew-point  below  the  Desert  temperature ;  for  thn  air  cm 
never  deponil  ilt  moieltare  lehen  iU  lemperutare  u  iiyher  tian  its  datt- 
poiid.  We  have  a  rainless  region  about  the  Red  Sea,  bocauso 
the  Red  Sea,  for  the  most  part,  lies  within  the  north-east  trade- 
wind  region  ;  aud  these  winds,  when  they  reach  that  region,  aio 
dry  winds,  for  they  have  as  yet.  in  their  ooui-se,  crossed  no  wide 
sheets  of  water  from  which  they  could  take  up  a  supply  of 
vapour.  Most  of  New  Holland  lies  within  the  t^onth-east  trade- 
wind  region  ;  so  does  most  of  intertropical  South  America.  Bat 
intertrojiicnl  South  America  is  the  land  of  showers.  The  lara 
rivers  and  most  copiously  watered  country  in  the  world  s 
bo  found  there,  whereas  almost  exactly  the  re 
Australia.  VVhence  this  diflerenco?  Esamiue  the  dirooija 
the  winds  with  regard  to  the  shore-line  of  these  t 
and  the  explanation  will  at  once  be  suggested.  In  Aust 
east  coast — the  shore-line  is  stretched  out  in  the  direolio 
trades ;  in  South  America — east  coast — it  is  perpendicu 
their  direetion.  In  Australia  they  fringe  this  shot 
tlieir  vapour;  thus  that  thirsty  land  is  so  stinted  with  eh( 
that  the  trees  cannot  afford  to  spread  their  leaves  out  to  tl 
for  it  evaporates  all  tho  raolsiure  from  them ;  their  ve|_ 
instiuots  teach  them  to  turn  their  edges  to  his  rays.  In  i 
tropical  South  America  the  Imde-winds  blow  perpendicul 
upon  the  shure,  penetrating  the  very  heart  of 
their  moisture.  Here  the  leaves,  mensuring  r 
as  the  plantain,  iea. — turn  their  broad  sides 
oocrt  his  rays. 


E9S.  I^  rainy  tide  of  vumiUaliu, — Whg  there  t«  more  rain  on 
"t  of  a  nountain  than  on  tlie  other. — -We  may  now,  from  wh&t 
8  been  said,  see  why  Iho  Andes  and  all  other  mountoina  which 
lie  nthwart  the  course  of  the  winds  hare  a  dry  and  a,  rainy  side, 
and  hgw  the  prevailing  winds  of  the  latitude  determine  which 
is  the  rniny  and  which  the  dry  Hide.  Thus,  let  ns  take  the 
Koutheni  coast  of  OhUi  for  illustration.  In  our  gunicaer'time, 
when  the  snn  comes  north,  and  drags  after  him  the  belts  of  per- 
petual winds  aud  calms,  that  coast  is  left  witliin  the  regions  of 
the  north-west  winds — the  winds  that  are  counter  to  the  sonth- 
eaut  trades — -which,  cooled  by  the  winter  temperatnre  of  the 
highlands  of  Chili,  deposit  their  moisture  copiously,  During 
the  rest  of  the  year,  the  most  of  Chili  is  in  the  region  of  the 
south-east  trades,  and  the  same  causes  which  operate  in  Cali- 
fornia to  prevent  rain  there,  operate  in  Chili  ;  only  the  diy 
seasun  in  one  place  is  the  rainy  seuson  of  the  other.  Henoe  we 
see  thai  the  weather  side  uf  all  such  mountains  as  the  Andes  is 
tbe  wet  side,  and  the  lee  side  the  dry.  The  same  phenomenon, 
from  a  like  cause,  is  repeated  in  intertropical  India,  only  in  that 
country  each  side  of  the  monntAiu  is  made  alternately  the  wet 
and  the  dry  side  by  a  change  in  the  prevailing  direction  of  tlu 
wind.  Plate  VIII.  shows  India  to  be  in  one  of  the  monsoon 
regions  ;  it  is  the  most  famous  of  them  all.  From  October  to 
April  tlie  north-east  trades  prevail.  They  evaporate  from  the 
Bay  of  Bengal  water  enough  to  feed  with  rains,  during  tliis 
season,  the  western  shores  of  this  boy  and  the  Ghauts  range  of 
mountains.  This  range  holds  the  relation  to  these  wiuds  that 
the  Andes  of  Peru  (§  2i>7)  hold  to  the  sontK-eaHt  trades ;  it  finit 
cools  and  then  relieves  tLem  of  their  moisture,  and  they  tumble 
down  on  the  western  slopes  of  the  Ghauts,  Peruvian- like,  cool, 
^^^^lesB,  and  dry ;  wherefore  that  narrow  strip  of  country  be- 
^^Keen  the  GhauU  and  the  Arabian  Sea  would,  like  that  in  Pent 
^^Htwwn  the  Andes  and  the  Pacific,  remain  without  rain  fur 
^Tver,  were  it  not  for  other  agenta  which  are  at  work  about  India 
and  not  about  Peru.  Tho  work  of  the  agen^  to  which  I  allude 
is  felt  in  the  monsoons,  and  these  prevail  in  India  and  not  in 

El,  Ait^r  the  north-east  trades  have  blown  ont  their  season, 
sh  in  India  ends  in  April,  the  great  arid  plains  of  Ceninil 
k,  of  Tartary,  Thibet,  and  Mongolia  become  heated  up ;  they 
fy  the  air  of  the  north-eaat  trades,  and  cimse  it  to  ascend. 
i  rarefaction  and  asceni,  by  their  dcmaud  for  an  \ui\\a.\\^\'s. 
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nre  feU  by  the  air  whioh  Ihe  eonth-east  trade-winds  bring  to  tho 
equatorial  Doldrums  of  tho  Indian  Ocean :  it  rushes  over  into 
tlio  m-rUiem  hemisphere  to  supply  the  upward  draught  fnjm  the 
heated  plains  as  the  aouth-west  monsoons.  The  forces  of  dinmal 
rotation  assist  (S  113)  to  give  these  winds  their  westiug.  Thus 
tho  south-east  trades,  in  certain,  parts  of  the  Indian  Oce&n,  are 
convened,  duriug  iho  summer  and  early  aulniun,  into  sonth- 
west  monsoons.  ITiyse,  tlien,  come  from  the  Indian  Ocean  and 
Sea  of  Arabia  loaded  with  moisture,  and,  striking  with  it  per- 
pendicularly upon  the  Ghauts,  precipitato  upon  tJiat  narrow 
Btrip  of  land  between  this  range  and  the  Arabian  Sea  au  amount 
of  water  that  is  truly  astonishing.  Here,  then,  are  not  only  th© 
conditions  for  causing  more  rain,  now  on  the  west,  now  on  the 
east  side  of  this  mountain  range,  but  the  conditions  also  for  the 
most  oopions  precipitation.  Accordingly,  when  we  come  to 
consult  rain  gauges,  and  to  aek  meteorological  obitervets  in 
India  about  die  fall  of  rain,  they  tell  us  that  on  tho  western 
slopes  of  the  Ghauts  it  sometimes  reaches  the  enormous  depth  of 
twelve  or  fifteen  inches  in  one  day.*  Were  (he  Andes  strolched 
along  the  eastern  instead  of  the  western  coast  of  America,  w« 
Aould  have  an  amount  of  precipitation  on  their  eastern  slopes 
that  would  be  truly  astouishing ;  for  the  water  whjoh  the  Ama- 
zon and  the  other  majestic  streams  of  South  America  return  to 
tho  ocean  would  still  be  precipitated  between  tho  sea-shoro  utd 
the  crest  of  these  mountains.  These  winds  of  India  then  con- 
tinue their  course  to  tho  Himalaya  range  as  high  winds.  In 
oroestDg  this  range,  they  are  subjected  to  a  lower  temperaton 
than  that  to  which  they  were  exposed  in  crossing  the  Ghauto. 
Here  they  drop  more  of  their  moisture  in  the  shape  of  snow  and 
rain,  and  then  pass  over  into  the  thirsty  lands  beyond  with 
scarcely  enough  vapour  in  them  to  make  even  a  cloud.  Thenoo 
they  ascend  into  the  upper  air,  there  to  become  connter-ourrents 
in  tho  general  system  of  atmospherical  circulation.  By  studying 
Plate  VIII.,  where  the  rainless  regions  and  inland  basins,  as 
well  as  the  course  of  the  prevailing  winds,  ore  shown,  theflo 
facts  will  become  obvious. 

299.  The    TtgionM    of  greatest    prpeipilalion — Cherraponjie    and 

Palagonia. — We  shall    now   be   enabled    to   defenuino,  if    the 

views  whioh  I   have  been  endeavoiiriug  to  pi'ceent  be  correot, 

what    parts    of    the    earth    are  anbjoct    to    tho    gi'eateat    fall 

*  Kdth  JoliTKtoiL 
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They  Bhonld  be  on  the  dopea  of  tlose  monntaiaB 
'wltich  the  trtiiie-windB  or  monsoonB  first  Btrilte  after  hav- 
ing blown  acroGB  an  exlensive  tract  of  ocean.  The  more 
abrupt  the  elevation,  and  the  shorter  the  distance  between  the 
mountain  top  and  the  ocean  (S  2&8),  the  greater  the  amount  of 
precipitation.  If,  therefore,  we  commence  at  the  parallel  of 
abont  30^  north  in  the  Pacific,  where  the  north-euBt  trade-winds 
firat  strike  that  ocean,  and  trace  them  through  their  circuits  til) 
they  first  meet  high  land,  we  ought  to  find  such  a  place  of  heavy 
rains.  Commenoing  at  this  parallel  of  3(P,  therefore,  in  thie 
North  Pacific,  and  tracing  thence  the  eonrse  of  the  north-east 
trade-winds,  we  nhall  find  that  they  blow  thence,  and  reach  tlie 
region  of  equatorial  calms  near  the  Caroline  Islands.  Here  they 
rise  np  ;  bnt,  instead  of  pnraiiing  the  same  course  in  the  npper 
Btiutnm  of  winds  through  the  Bontbem  hemisphere,  they,  in 
oonseqnence  of  the  rotation  of  the  earth  (§  207),  are  made  to 
take  a  south-east  course.  They  keep  in  this  upper  stratum 
until  they  reach  the  calms  of  Capricorn,  between  the  parallels  of 
30"  and  40°,  after  which  they  become  the  prevailing  north-west 
I  winds  of  the  southern  hemisphere,  which  correspond  lo  th« 
mth-west  of  the  northern.  Continuing  on  lo  the  sonlh-ea8t, 
le  surface  winds ;  they  are  going  from  warmer  to 
[^lOoler  iatiludes ;  they  become  as  the  wet  sponge  (S  2t)2),  and  are 
ftbmptly  intorcepled  by  the  Andes  of  Patagonia,  whose  cold 
Bununit  compresses  them,  and  with  its  low  dew-point  Bqueezes 
the  water  out  of  tbem.  Captain  King  found  the  aetonishing  fall 
of  water  here  of  nearly  thirteen  feet  (one  hundred  and  fifty-one 
inches)  in  forty-one  days ;  and  Mr,  Darwin  reports  that  the 
surface  water  of  the  sea  along  ibis  part  of  the  South  Amoiican 
coast  is  sometimes  quite  fresh,  from  the  vitst  quantity  of  rain 
that  falls.  A  similar  rain-fall  occurs  on  the  sides  of  Cheira- 
ponjie,  a  mouulain  in  India.  Colonel  Sykes  reports  a  fall  there 
during  the  south-we^t  monsoons  of  GOhi  inches.  This  is  at  the 
rate  of  US  feei  during  the  year;  but  King's  Patagonia  rain-fidl  ib 
at  the  rate  of  1 1-1  feet  during  the  same  period.  Cherraponjio  ia 
not  BO  near  the  coa«t  as  the  Patagonia  ran^co,  and  the  momsoauB 
lose  moisture  before  they  reach  it.  We  ought  to  expect  a  corre- 
sponding riuny  region  lo  be  found  to  the  north  of  Oregon  ;  bnt 
there  the  mountains  are  not  so  high,  the  obstruction  to  the 
■onth-west  winds  is  not  so  abrupt,  the  highlands  are  farther 
^^Aom  the  coast,  and  tbo  aii'  wbicli  these  winds  cSiinrj  in.  \!ft£;vt 


^_  winds 
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uhiirged  with  moietuie  as  at  PatAguuia,  li&s  a  greater  oxtvnt  of 
country  over  whicli  tu  deposit  iK  ratn,  and,  conae(]iiently,  tbe 
fall  to  the  square  inoh  will  not  be  afi  gre&t.  In  like  maimert  wa 
ahinild  be  enabled  to  say  in  what  part  of  the  world  the  uiuat 
equable  tlimaiea  are  U>  bo  fonnd.  TUey  ore  to  be  found  in  tha 
equatorial  CiUmH,  where  the  north-east  and  uouth-east  trades 
meet  fresh  from  the  ocean,  and  keep  the  temperature  uniform 
under  a  canopy  of  perpetual  clouds. 

300.  Amount  of  etaporatiaa  greatest  from  the  Indian  Oeetut. — 
Tlie  mean  animal  fall  of  rain  on  the  entire  surfaoe  i-t 
the  earth  la  estimated  at  about  five  feet  To  evaporate  wnl«r 
enough  annually  from  the  ocean  to  cover  the  carlh.  on 
the  average,  five  feet  deep  with  rain ;  to  transport  it  from  om 
zone  to  another ;  and  to  precipitate  it  in  the  right  pUeeH. 
nt  suitable  times,  and  in  the  proportions  due,  iit  ono  of 
the  ofGccB  of  the  grand  atmospherical  machine.  All  this  evapo- 
ration, however,  does  not  take  place  from  the  soa,  for  the  water 
that  falls  on  the  land  is  re-evaporated  from  tbe  land  agaitt  atid 
^ain.  But  in  the  first  instance  it  is  evaporated  principally 
from  the  torrid  zone.  Supposing  it  all  to  be  evaporated  tlicnoe, 
we  ehall  have,  encircling  the  earth,  a  belt  of  ocean  three 
thousand  miles  in  breadth,  from  which  this  atmosphere  Luisls  np 
a  layer  of  water  annually  sixteen  ivet  in  depth.  And  t«  hoist 
up  as  high  as  the  clouds,  and  lower  down  again  all  the  water  in 
a  Inke  sixteen  feet  deep,  and  three  thousand  miles  brorul,  and 
twenty-four  thousand  long,  is  the  yearly  business  of  this  io- 
viajble  machinerj-.  What  a  powerful  engine  is  the  atmosphere! 
and  how  nicely  adjusted  must  he  a!!  the  cogs,  and  wheels,  and 
springs,  and  compensations  of  this  exquisite  piece  of  maohiowry. 
thjit  it  never  wears  out  nor  breaks  down,  nor  fails  to  do  its  wcai 
at  the  tight  time  and  in  the  right  way  !  The  alwtract  logs  at  th« 
Observatory  in  Washington  show  that  the  wafer  of  tlie  Indian 
Ocean  is  warmer  than  that  of  any  other  sea ;  therefore  it  may  ba 
inferred  that  the  evaporaiion  from  it  is  also  greater.  The  h'onli 
Indian  Ocean  contains  about  4,500,000  squar*  miles,  while  ita 
Asiatic  water-nbed  contains  an  area  of  2,500,000.  Supposing  tH 
the  rivers  of  this  water-fched  to  discharge  annually  into  the  seafmr 
times  us  much  water  as  the  Mississippi  (S  274)  disohargiis  into  t&tt 
Onlf,  wo  shall  have  annmilly  on  the  average  an  effective  cvaponttJOB 
(S  282)  from  the  North  Indian  Oi«aQ  of  0.0  inches,  or  0.0 1C5  per^l 
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)01.  Tkf-  nW»  of  la^ia,  and  tli«  meatiiT«  of  Ike  dffcrfm  evapara-   [ 
mfrom  that  » 


-The  ri 


iif  India 


o  fed  bv  llic  n 


f  distribtiting  their  moisture  i 
about  three  munths.  Tbiis  we  obtain  0.005  inch  oa  tlie  average 
daily  rmte  of  effective  (§  282)  evapomlion  fruia  the  wann  watere 
oflbiB  ocean.  If  it  were  all  rained  ilon-n  upon  India,  it  would 
give  it  a  drainage  wliicli  would  require  rivura  having  sisteca 
times  the  capacity  of  the  Mississippi  to  disuhurge,  Nevertbe-  , 
B8.  the  evaporation  from  the  North  Indian  Ocean  rcquiied  for 

I  flood  is  only  one-sixteenth  of  an  inch  daily  throughout    | 
e  year.*     Availing  myself  of  the  liest  lights — dim  at  best — an 
D  the  total  amount  of  evaporation  that  annually  takca  plac«  in    I 
*  e  trade-wind  region  generally  at  eea,  I  estimate  that  it  does  not    | 

i  802.  Phyaital  adjuttmentt. — We  see  (he  light  breaking  in  upon 

I,  for  we  now  begin  to  perceive  why  it  ia  that  the  proportioiio    \ 

Wtween  the  land  and  water  were  made  as  we  find   Ihcm  i 

rbaturD.     If  there  had  been  more  water  and  less  laisd,  we  should 

I  luve  had   more  rain,  and  vice  mniA ;  and  then  eliniaten  would 

Ikave  been  different  from  what  they  ore  now,  and  the  inhabitants, 

neither  animal  nor  vegetable,  would  not  have  been  as  they  are. 

And  as  they  are,  that  wise  Being  who,  in  his  kind  providence, 

BO  watches  over  and  regards  the  things  of  this  world  tbat  he' 

takes  note  of  the  sparrow's  fall,  and  numbers  the  very  hairs  of 

our  head,  doubtless  designed  them  to  he.    The  mind  in  delighted, 

MUd  the  imagination   charmed,  by  centeniplatiog  the  phyi^ical 

arrangements  of  the  earth  from  finch  puiutH  of  view  as  this  is 

L-whiob  we  now  have  before  us  :  from  it  the  sea,  and  the  air,  and 

■itii«  Und,  appear  each  as  a  part  of  that  grttnd  machinery  npon 

^^hich  the  well-being  of  all  tlie  inhabitanle  of  cartli,  sc^a,  and 

n  Ijii  BiiDUal  iEp<iH  or  tho  Societf  (!ZWiijnuffuiu  n/  iht  Butnbai/  Gfn/m' 

i  SoeiHy  from  Mny,  1849.  tn  Augnnl.  1850,  vol.  ii,i,  Hie  Into  Pr.  Biiiiit. 

n'tury.  Btult-d.  ou  tlie  uatbority  of  Mr.  Laiilly,  llie  <<vii|>nnition  ut  Oil- 

*  lo  b«  "Bboul  fll1(«n  fet't  annuulJ; ;  tbat  hetWLi'n  IIh' Oupi'  Biid  Onlcntta    | 

in  OL'ti>bpr  unil  NaTember,  naorl^  thri-o-fourtlia  uf  an  inuli  dnllf ; 

n  10°  and  20'  in  tlio  Baj  of  Bengal,  it  wu  found  to  uxcecd  an  Ineli 

;  tliu  to  bo  daalile  tbe  aveiago  tlirougiiout  tho  year.  *re    | 
i>  tlie  (loctur,  "  bave  ciglitoen  fbct  of  evuporittiun  annu&ll^r." 
■lAll  the  heal  received  by  the  inlertropit^  nvoa  from  the  bqii  iintiuiUly  would   I 
VliiDt  b«  mlSdcint  to  coiiiert  into  vapour  n  layer  of  water  from  thorn  riitMa   ' 
H  deep.    It  IB  tliese  obBerruliont  aa  to  tlie  rate  of  evaporation  on  sbore  tint 
—~-~' '       ■  ' ;» M  lo  the  tatu  ul  ftci 
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air  tlcpcii^s ;  and  whioli.  in  the  beautiful  adaptations  that  we 
are  endeaTOuring  to  point  out,  affords  now  and  littikiiig  evidenoo 
that  they  all  have  their  origin  in.  CiK  (ininiscient  idea,  just 
aa  the  different  parts  of  a  watch  may  he  considered  to  have  been 
constructed  and  arranged  according  to  ons  hiimiin  design.  In 
some  parts  of  the  earth  the  pi'ecipitation  is  greater  than  the 
evaporiition :  thiis  the  ftmi>unt  of  water  home  down  hy  every 
river  that  runs  into  the  t<ea  (_i  270)  may  be  considered  08  the 
eicess  of  the  precipitation  over  the  evaporatiun  that  tiOces  place 
in  the  valley  drained  by  that  river.  In  other  parts  of  the  earth 
the  eva]x>rBtion  and  precipitation  are  exactly  equal,  as  in  those 
inland  basins  such  as  that  in  whieh  the  city  of  Mexico,  Lake 
Titicaca,  the  Caspian  8oa,  etc.,  etc.,  are  situated,  which  basins 
have  no  ocean  drainage.  If  more  rain  fell  in  the  valley  of  the 
tJaspian  Sea  than  is  evaporated  from  it,  that  sea  would  finally 
get  iiill  and  overflow  thu  whole  of  that  great  baniu.  If  less  fell 
than  is  evaporated  fi-om  it  again,  then  that  sea,  in  the  oonree  of 
time,  would  dry  np,  and  plauta  and  animals  there  would  all 
perish  for  the  want  of  wafer.  In  the  sheeta  of  water  which  wb 
find  dixtribntcd  over  that  and  every  other  inhabitable  inlaad 
basin,  we  see  reservoirs  or  evaporating  Hiirfaces  jtiet  sufficicait 
for  the  supply  of  that  degrc*  of  moisture  which  is  best  adapted 
to  the  well-being  of  the  plants  and  animals  that  people  such 
basins.  In  other  parts  of  the  earth  still,  we  find  places,  as  the 
Desert  of  Sahara,  in  which  neither  evaporation  nor  precipitatiun 
takes  place,  and  in  which  we  find  neither  plant  nor  animal  to  fit 
the  land  for  roan'it  u^e. 

303.  Adajitationt — their  beauties  and  sablimily. — In  contem- 
plating the  liyslem  of  terrestrial  adaptations,  these  reneai'cliw 
teach  one  to  regard  tlie  mountain  ranges  and  the  gT»at 
desciiH  of  the  earth  us  the  ustronomer  does  the  counterpoiaea 
to  hia  telescope — though  they  he  mere  dead  weights,  they 
are,  nevertheless,  necessary  to  make  the  bidance  complete,  tfaB 
adjustment  of  his  machine  pei*fect.  1'hesu  counterpoises  givs 
ease  to  the  motinua,  stability  to  the  portornianoe,  and  aocmw^ 
to  the  workings  of  the  instrumeBt.  The}-  are  "  wmpmaaliotu." 
Wlienever  I  turn  to  contemplate  the  woiks  of  nature.  I  kid 
struck  with  the  admirable  Byslera  of  compensation,  with  tbn 
beauty  and  nicety  wilh  which  eveiy  department  is  adjusted, 
adapted,  and  regulated  according  to  the  otJiers ;  things  and 
principles  are   meted   out  in  directions    apparently   thaJ    ^"^ 
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lite,  bill  in  proportioiui  bo  exactly  Inlanced  tliat  rosiilta  the  I 
barmonionK  are  piodiiced.     Jt  in  hy  the  action  of  oppositA  f 
Kod  com  pen  Bating  forcoe  tliut  ihu  earth  is  kept  in  its  orbit,  and  f 
tb«  stars  are  held  Buspeuijed  in  tbe  afitire  vault  of  Iwfiven 
tbeso  furces  are  so  exquisitely  adjustoJ,  tlrat,  at  the  end  of  a  I 
tfaouBand  years,  the  earth,  the  mm,  and  moun,  and  every  star  i; 
)  fivmaipeiil,  is  found  to  oome  and  twinkle  in  il«  proper  place  I 
the  proper  moment     Nay,  philusojdiy  teaches  ub  that  wlien  J 
1  little  snowdrop — which  in  our  Rsirden  walks  we  see  raieing  1 
iia  head  at  "  the  BingiDg  of  birds.''  to  remind  ns  that  "the  winter  1 
ia  passed  and  gone" — was  created,  tho  whole  mass  of  the  earth,  [ 
firom  pole  to  pole,  and  from  ciixnamlereiice  to  centie,  must  have  1 
taken  into  account  and  weighed,  iu  order  that  the  proper  | 
rm  of  Blrcngth  might  be  given  to  ita  tiny  fibres,     fiotauisl*  I 
[1  us  ihat  the  constitution  of  this  plant  is  such  as  to  requira  I 
certain  stage  of  its  growth,  the  stalk  should  bend,  an4  T 
the  flower  should  liow  its  licud,  that  an  opvratiun  may  take  plac«  I 
which  it)  necessary  in  order  that  the  herb  should  produce  seed  | 
after  its  kind :    and  that,  after  this  fecundation,    its  vegelobls  1 
health  requires  that  it  ohould  lift  its  head  again  and  stand  erect.  I 
Now,  if  the  mass  of  the  earth  had  been  greater  or  lose,  llie  foics  I 
of  gravity  would  have  been  dilltrent;  in  that  case,  the  Bti-engtk  j 
of  fibre  in  tho  snowdrop,  as  it  is,  would  ha»o  been  ttw  much  t 
too  little  :  tlio  plant  coidd  not  bow  or  raise  its  head  at  tho  right 
time,  fecundation  could  not  tako   place,  and  it^  family  would 
become  extinct  with  the  first  individual  that  was  planted, 
iQbti  its  "  seed  "  would  not  have  been  "  in  itself,"  aod  there 
could  not  have  reproduced  itself,  and  its  ereatioa  would 
been  a  failure.     Kow,  if  we  see  auch  a  ]>Qifcct  nduptaliott, 
exijuisito  adjustment  in  the  case  of  one  of  the  t-niallest 
flowers  of  the  field,  how  nmch  more  may  we  not  espoct  "  oom 
peUBation"  in  the  atmosplK.'! e  and  ihe  ocean.  Upon  tbe  right  | 
adjustment  and  due  peifoiutauce  of  whith  depends  not  only  tho  j 
life  of  that  plant,  but  the  weU'bviiig  of  every  individual  tbat  i 
found  in  the  entire  vegetable  audanimnl  kingdoms  of  ibc world?   ' 
Wben  thft  eafit  winds  blow  along  the  Atluutio  coast  for  a  little    , 
wMle^  they  bring  us  air  saturated  with  moisture  fiom  the  Gnit  ] 
Lm,  and  \>  e  complain  of  the  siiltiy,  oppressive,  lica>'y  aim.), 
the  invalid  grows  wurse,  and  the  well  man  feels  ill, 
lUee,  when  he  takes  lliis  almosphero  into  his  lungs,  it  iit 
ly  80  churned  wilb  moisture  tiiat  it  cannot  Viikft  ■tt'^  w 
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carry  off  that  which  enciimberH  liis  hings,  anil  ivhitli  niitura  btu  I 
caiiied  his  blood  to  bring  and  Ica^ve  there,  that,  rcspirntion  may 
take  up  iind  carry  off.  At  other  times  the  air  is  drj-  and  hot;  he 
feels  that  it  is  conreying  off  matter  from  the  lnng»  luo  fast ;  be 
realizes  the  idea  that  it  is  consuming  him,  and  he  calls  the 
fieuBation  burning.  Therefore,  in  considering  the  general  laws 
whinh  govern  the  physical  agents  of  the  universe,  a:id  wliich 
regulate  them  in  the  due  performance  of  their  officBB,  1  have  felt 
myself  constrained  to  set  out  with  the  asBumplion  that,  if  tlia 
atmosphere  had  had  a  greater  or  less  capacity  for  moisture,  or  if 
the  pi'oportion  of  land  and  water  had  been  diffei-ent — if  the 
earth,  air,  and  water  had  not  beeu  in  exact  counterjioise — the 
whole  arrangement  of  the  animal  and  vegetable  kingdotOB  would 
have  varied  from  their  present  slate.  But  God,  for  reasons 
which  man  may  never  know,  chose  to  make  those  kingdoms 
what  they  are ;  for  this  purpose  it  was  necessary,  in  his  jnd^ 
ment,  to  establish  the  proportions  between  the  land  and  water, 
and  the  desert,  just  as  they  are,  and  to  make  the  cajiacily  of  the 
air  to  circulate  heat  and  moisture  just  wlmt  it  is,  and  to  have  itt 
to  do  all  its  work  in  obedience  to  law  and  in  snheervience  to 
order.  If  it  were  not  bo,  why  was  power  given  to  the  winds  to 
lift  up  and  transport  moisture,  and  to  feed  the  plants  with 
nourishment  V  or  why  was  the  property  given  to  the  sea  hy 
which  its  waters  may  become  first  vapour,  and  then  fruitful 
showers  or  gentle  dewa?  If  the  proportions  and  proportieB 
of  land,  sea,  and  air  were  not  adjusted  aooording  to  the  reci- 
[iriical  capacities  of  all  to  perform  the  functions  required  uf  each, 
why  should  we  be  told  that  He  "  measured  the  waters  in  the 
hollow  of  his  band,  and  comprehended  the  dust  in  a  measure, 
and  weighed  the  mountains  in  scalea,  and  the  hills  in  a  balance?" 
Why  did  he  span  the  heavens  but  that  he  might  mote  out  the 
atmosphere  in  exact  proportion  to  all  the  rest,  and  impart  to  it 
those  properties  and  powers  which  it  was  necessary  for  it  to 
have,  in  order  that  it  might  perform  all  those  ofBces  and  duties 
for  which  he  designed  it  ?  Harmonious  in  their  action,  the  tdr 
and  sea  are  obedient  to  law  and  subject  to  order  in  all  their 
movements ;  when  we  consult  them  in  the  performance  of  their 
manifold  and  marvellous  oEGoes,  they  teach  us  lessons  oonoem- 
ing  tho  woudere  of  the  deep,  the  mysteries  of  the  sky,  the  great- 
noss,  and  the  wisdom,  and  goodness  of  the  Creator,  which  make 
Its  wiser  and  bettor  men.     The  investigations  into  the  brort-^  IJ 
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eing  circle  of  phenomooa  connected  with  tlie  iriuds  of 
I  and  tho  waves  of  the  aea  ai'e  second  to  none  for  tho 
good  which  they  do  and  fur  the  lessons  which  they  teach.  The 
Mtronomer  is  said  to  see  the  hand  of  God  in  the  sky ;  but 
docs  not  the  right-minded  mariner,  who  looks  aloft  tu)  ho  ponderB- 

Igvertheee  things,  hear  his  voice  in  every  wave  of  ihe  sea  that 
)^  claps  its  hands,"  and  feel  his  presence  in  every  breeze  that 
Wows? 


CHAPTER  VI. 

5  311-332, — RED  FOGS  AST)  SEA  BREEZB. 


311.  The  idtenaliona  of  land  and  sea  hreezet. — The  inhabitants  of 
the  eea-shore  in  tropical  countries  wait  every  morning  with 
impatience  the  coming  of  the  sea  breeze.  It  usually  sets  in 
about  ten  o'clock.  Then  the  siiltry  heat  of  the  oppressive  morn- 
ing is  dissipated,  and  there  in  a  delightful  freshness  in  tlie  air 
which  sectna  to  give  new  life  to  all  for  their  daily  labonrB, 
About  snnset  there  is  again  auotker  cairn.  The  sea  breeze  in 
now  done,  and  in  a  short  time  the  land  breeze  sets  in.  Thia 
alternation  of  the  land  and  sea  breeze — a  wind  from  ihe  sea  by 
day  and  from  the  laud  by  night— is  so  regular  in  inlortropical 

,vQDuntriet«,  that  they  are  luoked  for  by  the  people  with  aa  much 

I0onfidenoe  as  the  rising  and  settiiug  of  the  sun. 

'*  312,  The  gea  breeze  at  Vulparaiso. — In  extra- tropical  countries, 
QBpecially  those  on  the  polar  side  of  the  trade-winds,  this  pheno- 
menon is  presenlod  only  in  summer  and  fall,  when  the  beat  of 
ia  sufficiently  intense  to  produce  the  requisite  degree  of 
fktiuospherical  rarefaction  over  the  land.  This  depends  in  & 
ire.  alao,  upon  the  charauter  of  the  land  upon  which  the  sea 
blows ;  for  when  the  surface  is  arid  and  the  soil  ban'cn, 
'Ol0  heating  power  of  the  sun  is  exerted  with  most  etfect.  In 
such  cases  the  sea  bree7.e  amounts  to  a  gale  of  wind.  In  the 
Bununer  of  tlie  southern  hemisphere  the  sea  breeze  is  more  power- 
fully developed  at  Valparaiso  than  at  any  other  place  to  which 
my  services  afloat  have  led  me.  Here  regularly  in  Uie  afier- 
noon,  at  this  season,  the  sea  brociw  blows  furiuusty ;  pebbles 
are  torn  np  from  the  walks  and  whirled  about  the  streets ; 
people  seek  shcller;  the  Almondral  is  deserted,  business  inti&i- 
pipted,  and  all  communication  from  the  shipping  to  i\lii  i^un^S^ 
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cut  off.  Suddenly  tJie  winds  and  the  sea,  as  if  they  had  again 
heivd  the  voice  of  rebuke,  are  hushed,  and  there  is  a  great 
calm. 

313.  The  ,:mtlraet.—Th&  lull  that  follows  is  delightful.  Tha 
tdcy  is  without  a  cloud;  the  atmosphere  is  transparency  itself; 
iLe  Andes  seem  to  draw  near  ;  the  climate,  always  mild  and  soft, 
hecomee  now  doubly  sweet  by  the  contrast.  The  evening  in- 
vites abroad,  and  the  jiopulation  sally  forth — the  ladies  in  ball 
costume,  for  now  tbere  is  not  wind  enough  to  difuirrange  the 
ligbtcRt  curl.  In  the  southern  summer  this  change  takes  place 
day  after  day  with  the  utmost  regularity,  and  yet  the  calm 
always  tieems  to  surprise,  and  to  come  before  one  hus  time  to 
realize  that  tbe  furious  sea  wind  conld  bo  soon  bo  hushed.  Pre- 
sently the  stars  begin  to  peep  out,  timidly  at  first,  as  if  to  Be« 
whether  the  elometitg  here  below  had  ceased  th(>ir  strife,  and  if 
the  scene  on  earth  be  such  as  tbey,  from  their  bright  epheree 
aloft,  may  shed  tlieir  sweet  influences  upon.  Siriua,  or  that 
blazing  world  ij  Argus,  may  be  the  first  watcher  to  send  down  a 
feeble  ray  ;  then  follow  another  and  another,  all  smiling  meekly; 
but  presently,  in  Ihe  short  twilight  of  the  latitude,  the  bri^t 
leaders  of  the  starry  host  blaze  forth  in  all  tbeir  glory,  and  the 
sky  is  decked  und  spangled  with  superb  brillianla.  In  the 
twinkling  of  an  eyi^,  und  faster  than  the  admiring  gazer  can  tell, 
the  stars  seem  to  leap  out  from  their  hiding-places.  By  invisible 
hands,  and  in  quick  suocession,  the  constellations  arc  hnng  oat : 
but  fii'st  of  all,  and  with  dazzling  glorj',  in  the  azure  depllia  of 
space  appears  the  Great  Southern  Cross.  That  shining  symbol 
lends  a  boly  grandeur  to  the  scene,  making  it  still  more  impres- 
sive. Alone  in  the  ni);)it- watch,  after  the  sea  breeze  has  sunk  to 
rest,  I  have  stood  on  the  deck  under  those  beautiful  fikies  gazing 
admiring,  rapt.  I  have  seen  there,  above  the  horizon  at  onoe, 
and  shining  with  a  splendour  unknown  to  those  latitudes,  every 
star  of  the  first  magnitude — save  only  sis — that  is  contained  in 
tLe  catalogne  of  the  100  principal  fixed  stars  of  astronomeis. 
There  lies  the  city  on  the  scB-sbore  wrapped  in  sleep.  The  sky 
looks  solid,  like  a  vault  of  steel  set  with  diamonds.  The  stillness 
below  is  in  harmony  with  the  silence  above,  and  one  almost  fean 
to  speak,  lest  tbo  hareh  sound  of  the  human  voice,  reverberating 
through  those  vaulted  "  ohamberfl  of  the  south,"  Kbould  wake  np 
echo,  and  drown  the  music  that  fills  the  soul.  On  looking  aloft, 
the  first  emotion  gives  birth  to  a  homeward  thought :  bright  and 
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Jovely  Its  they  are,  Ihoae,  to  northern  sons,  are  not  the  stars  n 
the  skiea  of  fatherland.     A3pha  Lyrte,  viih  hia  pure  white  light^fl 
llitta  gone  from  tbo  i^enitb,  and  only  appears  for  one  eLort  booi 
itibove  the  top  of  the  iiorlliem  hills.     Polaris  and  the  Great  C 
have  ci-ased  to  watch  fvom  their  posts;  they  are  away  dowBB 
TjuIow  ihe  horizon-     But,  glancing  the  eye  ahove  and  aroiindi  " 
you  are  dazzled  witli  the  splendours  of  the  firmament.     The 
moon  and  the  planets  eland  out  from  it;  they  do  not  seem  to 
touch  the  blue  vault  in  which  the  stai'a  nre  set.     The  Southern 
Cross  is  just  ahout  to  culminate.     Climbiug  up  in  the  east  are  J 
the  Centaurs,  Spica,  Uootes,  and  Anlares,  with  his  lovely  littl^ 
companion,  which  only  the  best  telescopes  have  power  to  unveUiV 
These  are  all  bright  particular  stars,  differing  from  one  another  ' 
in  colour  ae  tbey  do  in  glory.     At  the  some  time,  the  westoru 
dcy  is  glorious  with  its  brilliants  too.     Orion  is  theie,  just  abont 
to  march  down  into  tbe  fioa ;    but  Canopns  and   Sirius,  with 
Castor  and  his  twin-brother,  and  Prooyon,  j)  Argus,  aud  Regulus 

these  are  high  np  in  their  course  ;  they  look  down  with  g;reat 
Qilendonr.  smiling  peacefully  as  they  precede  the  Southern  Cross 
on  its  western  way.  And  yonder,  farther  still,  away  to  the 
Bonth,  float  the  Magellanic  clouds,  and  tho  "  l.'oal  Sacks  " — those 
nysterioue,  dark  spota  in  the  sky,  which  seeiu  us  though  it  had 
been  reiit,  and  these  were  holea  in  the  ''azure  robe  of  night," 
looking  out  in  the  starless,  empty,  black  abyss  beyond.  OndJ 
who  has  never  watched  the  southern  aky  in  the  stillness  of  th4fl 
siglit,  after  the  sea  bree^ie  with  its  turrai>il  is  done,  can  have  a 
idea  of  its  grandeur,  beauly,  and  loveliness. 

314.  Land  atul  tea  breezet  aiaiuj  the  tharet  of  i^crtropieal  cokih 
triee. — Within  tho  tropios,  however',  the  land  and  sea  breezes  a 
more  gentle,  and,  though  the  ni^ht  Koenes  there  are  no 
f^estive  OB  those  just  describod,  yet  they  are  exceedingly  delight-1 
"  il  and  altogether  lo»oly.     The  oppressive  heat  of  the  s 

climate  of  the  sea-shore  is  mitigate<l  and  made  both  refi'eahu 
ing  and  healthful  by  the  alternation  of  thoto  winds  which  i 
variably  come  from  the  coolest  place — the   sea,  which  is  1 
cooler  by  day.  and   the   land,  which   is   tbe  cooler  by  nighU 
About  ten  in  the  morning  the  heat  of  the  sun  has  jilayed  iipoi 
the  land  with  sufficient  iutensity  to  raise  its  temperature  above 
that  of  the  water.     A  portion  of  this  heat,  being  imparted  t 
■uperincumbent  air,  cautiea  it  la  rise,  when  llio  air,  firtt  ft« 
the  bench,  then  from  tho  sea,  lo  the  diiitaiic<i  ot  6«'i«T«i,  t 
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begins  to  Sow  in  with  a  moRt  delightful  and  invigorating  freS 

315.  Caii»e  of  land  and  tea  frrc^fs.— When  a  fire  ie  kindled  ^ 
the  bearth,  we  may,  if  we  will  obBei-ve  ihe  inoatB  fluating  i: 
room.  Bee  that  those  nearest  to  the  chimnej  are  the  fir^t  to  II 
the  draught  and  to  obey  it — they  are  drawn  into  the  blaze, 
circle  of  inflowing  air  is  gnidnally  enlarged,  until  it  is  scai 
perceived  in  the  remote  purts  of  the  room.     Now  the  land  is  ti 
hearth,  the  rays  of  the  sun  tho  fii'e,  and  the  sea,  with  its  cool  a 
calm  air,  the  room ;  and  thus  we  have  at  our  firesides  the  i 
breeze  Id  miniature.     When  the  sim  goen  duwn  the  fire  a 
then  the  dry  land  commences  to  give  olT  its  BUrpliis  heat  by  r 
ation,  so  that  by  dew-fall  it  and  the  air  above  it  are  ocoleO  b 
the  sea  temperature.     The  atmosphere  on  the  land  thus  h 
heavier  than  on  the  sea,  and.  consequently,  there  is  a  wind  e 
ward  which  wo  call  the  land  breeze. 

316.  JAevi.  Jawat  on  fhe  land  aad  tea  breeza  I'n  the  Iitdtaa  An 
pelago. — "  A  long  residence  in  the  Indian  Archipelago,  and,  i 
aeqnently,  in  that  part  of  the  world  where  the  inventigalionsfl 
the  Obaervatory  at  Washington  have  not  extended,  has  f^' 
me,"  aaya  Jansen,*  in  his  Appendix  fo  the  Physical  Qeogrsp) 
of  tike  Sea,  "  the  opportunity  of  studying  the  phenomena  whf 
there  occur  in  the  atmosphere,  and  to  these  phenomena  i 
tention  was,  in  the  £rst  place,  directed.     I  was  invulnntari 
nviu  one  research  to  another,  and  it  is  the  reeult  of  these  ii 
lotions  to  which  I  would  modestly  give  a  place  at  the  oonoladl 
of  Maniy's  Physical  Geography  of  the  Sea,  wlih  the  hope  I 
tbeBe  tirst-fmitfl  of  the  log-hooks  of  the  NetherlundB  i 
spetidily  followed  by  more  and  better.     Upon  the  iioi-thorn  c 
of  Java,  the  phenomenon  of  daily  land  and  8ca  breezes  ii 

*  I  liikTB  bwii  luaiaCed  in  my  inreltigaljons  into  theae  phenomena  (f  th*fl 
liy  mun;  thinking  minils;  smung  tbow  whose  debtor  I  am  etunJa  flnt 
rnreniiwt  the  olenr  liuul  itlid  wurm  heart  of  a  foreign  offii^er,  Licutejuuit  31 
Jaiuun,  of  th<*  Duldi  Savy.  nliom  I  um  proud  to  call  my  friend.    H*l 
■errvd  mnaj  juara  in  llie  East  Indies,  mid  bus  enrieliod  my  humble  contrin 
lioas  to  the  "PliyBiciil  Geogr<4>liy  of  Ilia  Sue"  with  contributionB  (torn  Urt 
■torc-bguw  of  hin  kuuwledge,  set  off  and  prtaented  in  nany  fliiu  |)iplur«&  and 
hn<  appended  tliom  to  a  Intaalstiou  uf  tlie  Hrat  cdiljon  at  lliix  work  in  tik^ 
Dulch  languftge.    Ho  hns  added  a  elmpbr  on  tlie  liiml  nnd  sea  IitMMMj 
nnotlior  on  the  rlunt^ng  of  the  moiuoons  in  the  Ewt  Indluti  .\n'liipi'liso  !^^| 
lias  aUo  exlcndud  Iiis  rvmiuki  to  tlu  noicb-wE'st  tnimtoon,  to  liurriihuie^'i^^H 
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reloped.  There,  aa  the  got^ous  'cyo  of  day'  riseB  almost 
»-adioti1arly  from  tho  sea  witb  fioiy  ardotir,  in  a  clondlona 
'■  ufcy,  it  U  greeted  by  tho  TolcnnooB  with  a  coltunn  of  white  smoke, 
which.  a«coMding  from  tho  conical  siimmita  high  in  the  littiia- 
meut  above,  forms  a  crown,  or  assiimct*  the  shape  of  an  immenae 
bouquet,*  lUat  they  seem  to  ofl'er  t«  the  dawn;  tlien  the  joyful 
land  bi'cezc  plays  over  the  fliiod,  whieh.  in  the  feirid  zune,  fur- 
nishes, with  its  fresh  breath,  so  much  enjoyment  to  the  inhabit- 
anla  of  tliat  snltry  bolt  of  the  eiirtk,  foi',  by  means  of  it.  every- 
thing is  refroshed  md  beuntifiod.  Then,  under  tho  influence  of 
the  glorious  accompaniments  uf  the  break  of  day,  the  eilence  of 
the  ni)j;ht  is  awukoned,  and  we  hear  commencing  everywhere  the 
morning  hymn  of  mnte  nature,  whose  gesticulation  is  bo  e^tpres- 
sive  and  sublime.  All  thut  lives  feehi  the  necessity  of  punring 
fyrlh.  each  in  iU  way,  and  in  variuuii  tunes  and  accents,  from  the 
deptliM  of  iohpiration,  a  song  of  praiee.  The  air,  still  filled  with 
the  lieshnusa  of  the  evening  dew.  beai-s  aloft  tlie  cnraplnred 
song,  as,  mingled  with  tlio  jubilee  tones  which  the  con  I  em  plat  ion 
(if  nature  everywhere  forces  from  the  bouI,  it  gushes  forth  in 
deep  eiimostness  to  convey  the  daily  thank-offering  over  the  sea, 
over  hill  and  dale-t  As  the  aun  ascends  the  sky,  the  azure  vault 
ia  buthed  in  duszling  light;  new  the  land  breeze,  wearied  with 
piny,  gees  to  rest.  Here  and  there  it  etiU  plays  over  the  water, 
aa  if  it  could  not  sleep ;  but  finally  becoming  exhausted,  it  sinks 
to  repose  in  the  stillness  of  the  calm.  liut  not  so  with  the  atmo- 
sphere: it  sparkles,  and  glitters,  and  twinkles,  becoming  clear 
under  the  inci-eoHing  heat,  while  the  gentle  swelling  of  the  now 
polished  waves  reflects,  like  a  thousand  mirrors,  the  rays  of  light 
which  dance  and  leap  to  the  tremulous  but  vertical  movemenlii 
of  lbs  atmosphere.  Like  pleasant  visions  of  the  night,  that  pass 
before  the  mind  in  sleep,  so  do  sweet  phantoms  hover  about  the 
land  breeze  as  it  slumbers  upon  the  eea.  llie  shore  seems  to 
approach  and  to  display  all  its  charms  to  the  mariner  in  the 
~  All  objects  become  distinct  and  more  clearly  delineated, t 
*  Uprm  tliH  must  or  Java  [  nw  daily,  durin!:  the  east  monsooa,  iurh  a  culumn 
if.Muke  •0'eDding  at  nmrige  f^om  Bninui,  LamooguD,  aad  Smiro.  Prnbubly 
■■B  is  00  wtnil  aliavu — iaxexn. 

'  t  la  tlie  verj  Gne  mist  of  the  mnnting,  a  dolbc — for  eiiuDple,  tlu>  flrin);  nf 
>ti— «t  n  tbmi  iliEtanoe  is  scanrely  heard,  whilD  at  midtlay.  nltli  tliH  hbh- 
a^  it  penntralu  for  milt-i  with  great  ilisliactiuiB. — Janskm. 
yX  "fhe  Uiuwpniciifjr  uf  tLc  otmuBpbere  a  so  );niil  tliiit  we  con  Bomelimea 
IT  Voiiu»  ill  llu'  eh;  in  Ibu  uudillo  u[  the  daj. — Juhhbh. 
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while,  upou  tho  sea,  soiall  fishiiig-boata  loom  up  liko  large  Tea* 
eels.*  The  seaauui,  drifting  along  the  coast,  and  milled  by  the 
increasing  cleameBS  and  mirage,  belioyea  that  he  lias  been  driven 
oy  a  current  towai'de  the  land ;  he  canto  the  lead,  and  louka 
itnxioualy  out  for  the  eea  breeze,  in  order  to  escape  fi'om  what  he 
believes  to  be  thi'eatening  danger.  The  planks  bum  under  his 
feet;  in  vain  he  epreade  the  awning  to  shelter  himBe.lf  from  the 
broiling  sun.  Its  raye  are  oppressive ;  repose  does  not  refresh ; 
motion  is  not  agreeable.  The  inhabitants  of  the  deep,  awe^ened 
by  the  clear  light  of  day,  prepare  themselves  for  labour.  Coials, 
and  thousands  of  Crustacea,  await,  perhaps  impatiently,  the  coming 
of  the  sea  breeze,  which  shall  cause  evaporation  to  take  place 
more  rapidly,  and  thuS  provide  them  with  a  bountiful  store  of 
buildiug  material  for  their  picturesque  and  artfully  cunstmcted 
dwellings  :  these  they  know  how  to  paint  and  to  polish  in  the 
deplliB  of  the  sea  more  beautituUy  than  can  be  accomplished  by 
auy  human  art.  Like  them,  also,  the  plants  of  iJie  sea  are  de- 
pendent upon  the  winds,  upon  the  clouds,  and  upon  the  Bus- 
shine  :  for  upon  these  depend  the  THpour  and  the  rains  which 
I'eod  the  streams  that  bring  nourishment  for  them  into  the  sea.t 
When  the  sun  reaches  the  zenith,  and  hie  stem  eye,  with  burn- 
ing glare,  is  tutned  more  and  mure  upon  the  .lata  Sea,  the  air 
seems  to  fall  into  a  magnetic  sleep ;  yet  even  as  the  magnetizes 
Bxerciees  bis  will  upon  his  subject,  and  the  latter,  with  a 
aud  changeable  gestures,  gradually  puts  himself  in  motion,  and 
sleeping  obeys  that  will,  so  also  we  see  the  slow  eB'urts  of  the 
sea  breeze  to  reprera  the  vertical  movements  of  the  air,  and  tu 
obey  the  will  which  calls  it  to  the  land, 
ment  appears  to  be  not  easily  overccime  by  the  hor 
we  call  wind.  Yonder,  fitr  out  upon  the  sea,  aria 
pesTB  allemntely  a  darker  tint  upon  the  olherwis 
carpet ;  finally  that  lint  remains  and  approaches 
long-wished-for  Boa  breeee :  and  yet  it  is  sometimes  one,  yea, 
even  two  hours  before  the  darker  tint  is  peimanent,  before  fl>a  ] 

■  EapraisU;  in  the  mioy  seiuoa  the  land  looms  ver;  f^nMj:  Uhbv 
mouiituiiu  wbioli  are  from  SOOO  to  GOOO  feet  lii|^  at  n  duluaw  of  SO41 
EiigliBli  miles. 

t  The  atviitpelaga  ot  mrnl  jkIbtiiU  oti  the  nortli  aide  of  tko  Straiti  of  8 
ii  remukublc.    Befurti  Ihu  wit  vnler  liownl  from  Lbe  Stnijt«  it  viui  deprived  of    | 
tlie  Milid  mutter  of  nliii'ti  Uie  Thmuaml  Itiamit  nre  con^triirh-d.     A  siBiUu    , 
groQp  of  i«luni]s  is  ruutul  botwMin  tiiD  Stnils  of  M 
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aea  breeze  bas  regularly  set  in.  Now  Bmall  white  oloni^s  begin 
to  riso  above  the  horizon;  to  the  experienced  seaman  ihey  ore  n 
iltide  to  a  flesh  eea  breeze.  ^Ve  welcome  tbo  firut  breath  from 
cooling,  hut  it  soon  coasea ;  presently  it  is  suo- 
l»d  by  other  grateful  puffs  of  air,  which  continue  longer; 
isently  Ihey  settle  down  into  the  regular  sea  hreeze,  with  ita 
ib'ng  and  refreshing  breath,  'llie  sun  decbncs.  and  the  seR 
[•Srind — that  is,  the  L-ommon  trode-wiud  or  monsoon  which  is 
towards  the  laud — is  awakened.  It  blows  right  enrnei-liy, 
as  if  it  would  perform  its  daily  task  with  the  greatest  jiosstble 
ado.  The  air,  itself  refreshed  upon  the  deep.  hocoineB  gray  from 
the  vapour  which  envelops  tlie  promontories  in  mist,  and  cur- 
tains the  inland  with  dark  ulouds.  The  Iwid  is  dibcentible  only 
by  the  darker  tint  which  it  gives  to  the  mist ;  but  the  distance 
cannot  be  estimated.  The  sailor  thinks  himself  farther  fiom 
shore  than  he  really  is,  and  steers  on  his  course  careleeslj',  while 
capricious  wind  lashes  the  waters,  and  makes  a  dhort  and 
[IkFukeu  Bea.  from  the  while  caps  of  which  light  curls  are  torn, 
sportive  hand,  to  float  away  like  parti-coloured  streamers 
the  simbeam.  la  the  meanwhile  clouds  appear  now  and  then 
high  in  llie  air,  yet  it  is  too  misty  to  Eee  iar.  Tlie  eun  ap- 
proachea  the  horizon.  Far  over  the  land  the  clouds  continue  to 
heap  up  ;  already  the  thunder  is  heard  among  tlie  distant  hills ; 
the  thtmder-bolta  reverberate  from  hill-side  to  hill-side,  while 
through  the  mist  the  eheets  of  lightning  are  seen,*  Finally,  the 
'king  of  day*  sinks  to  rest;  now  the  mist  gradually  disappears; 
and  as  soon  as  the  wind  has  laid  down  the  lash,  the  sea.  which, 
chafing  and  fretting,  bad  with  curled  mane  resisted  ita  violence, 
go  down  also.  Presently  both  wind  and  waves  are 
iioshed,  and  all  again  is  still.  Above  the  sea,  the  air  is  clearer  or 
'ightly  clouded :  above  the  land,  it  is  thick,  dark,  and  swollen. 
the  feelings,  this  stillness  is  pleasant.  The  sea  breeze,  the 
iving  brine,  that  has  made  a  ealt-pam  of  the  faoe,  the  short, 
restless  sea,  the  dampness— all  have  grown  wearisome,  and  wel- 
come is  the  calm.  There  is,  however,  a  somewhat  of  dimness  in 
the  air,  an  uncertain  but  threatening  appearance.  ProBently, 
&om  the  dark  mass  of  clouds,  which  hastens  the  change  of  day 
into  night,  the  thunder-storm  peals  forth.     The  rain  falk  in  tor- 

"  At  Buitpniorg.  near  Batnria,  40  Engliiih  iojIhb  frota  the  aliore.  five  Iran- 
dred  fwt  nbnvc  Ilie  aeo.  with  high  hills  aioand,  ItiSM  tbiiader.«liirms  acoat 
.bptweea  4  f.h.  ond  S  rji. 
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rents  in  the  mountains,  and  (ho  clouds  gradually  overspread  ( 
whole  sky.  But  fur  the  wind,  which  again  epringa  up,  it  wonid 
be  alarming  to  the  sailor,  who  is  helpless  in  a  calm.  What 
change  will  lake  piioe  in  the  air?  Tho  experienced  Koaman, 
who  has  to  work  agninst  the  trade-wind  or  against  Ihe  monsoon, 
is  off  the  coast,  m  order  to  take  advantage  of  tlie  land  bi<ce!-«  (the 
dciBtroyer  of  tho  trade)  so  soon  as  it  ahiiU  come.  He  rejoices 
when  the  air  is  released  from  the  land  and  the  hreeno  cornea,  at 
firBt  feebly,  but  afterward  growing  stronger,  as  usual  dnriog  tlie 
whole  ni);bt.  If  the  land  breeze  meets  with  a  squall,  then  it  is 
brie£  and  becomes  feeble  ajid  uncertain.  We  Bometimea  find 
then  the  permanent  sea  breeze  close  to  the  coast,  which  otherwise 
remains  twenty  or  more  English  miles  from  it.  One  is  not 
always  coTtaio  to  get  the  land  breeze  at  the  fixed  time.  It  Bome- 
timcB  suffers  itself  to  be  waited  fur ;  sometimes  it  tarries  the 
whole  night  long.  During  tho  greatest  part  of  ihe  rainy  dcaaon, 
the  land  breeze  in  the  Java  Sea  cannot  be  depended  upon,  Thia 
is  readily  explained  according  to  the  theory  which  ascribes  the 
origin  of  tho  sea  and  land  breezes  to  tho  heating  of  the  soil  by 
day,  and  the  cooling  by  means  of  radiation  by  night ;  for,  during 
the  rainy  season,  the  cloudit  extend  over  land  and  sea,  interrupt- 
ing  Ihe  sun's  rays  by  day  and  the  radiation  of  heat  by  ni^t, 
thus  preventing  the  variations  of  temperature ;  and  from  theM 
variations,  according  to  this  theory,  the  land  and  sea  breesea 
arise.  Yet  there  are  other  tropical  regions  where  the  land  and 
sea  breenes,  oven  in  the  rainy  season,  regularly  succeed  eauh 
other." 

317.  Sanitary  infttumcM  of  tand  and  teabreezeg. — One  of  theoausaa 
which  make  the  west  coast  of  Africa  so  very  unhealthy  whea 
compared  with  places  in  correspuiiding  latitudes  on  the  oppoatts 
aide  of  the  Atlantic,  as  in  Brazil,  is  no  doubt  owing  to  the  diger- 
ence  in  the  land  and  sea  breezes  on  the  two  sides.  On  the  coast 
of  Africa  the  land  breeze  is  "universally  ncorcbing  hot."* 
There  ihe  laud  breeze  is  the  b'ade-wind.  It  has  truvei^ed  Uu 
oontiuenl,  trucking  up  hy  the  way  diseane  snd  peetileuce  from 
the  dank  plaoes  of  the  interior.  Itecking  with  miaBm.  ii  reacbea 
the  coast,  I'eru  is  also  within  the  trade-wind  region,  and  Iha 
winds  reai.'h  the  west  coast  of  SoutL  America,  as  tli<-y  do  tho  wei 
coast  of  Al'rifu,  by  an  overland  path ;  but.  in  the  former  ( 
iostend  of  nwecptng  over  dank  places,  they  come  cool  and  I 


D  the  pare  snuwe  of  the  Andes.  Between  ibis  rntige  and  the 
I,  JDHteud  of  marHheK  and  u  jungle,  there  ia  a  deHort — a  niin- 
B  oounlry,  upua  which  the  Vikye  of  the  enn  play  wUh  Kiifficipnt 
e  not  only  to  couatcinct  the  trade-wind  power  and  produce  a  , 
■Im,  but  to  turn  the  Dcale,  and  ditiw  tlio  air  back  from  the  sea, 
»  the  sea  breeze  to  blow  regularly. 
318.  Inflitence*  whkk  regulata  their  ttrvnylh. — On  the  cobbI  of 
BjAifrica.  on  the  contrary,  a  rank  vegetable  growth  screens  ibe  aoil 
■from  the  scorching  rays  of  the  sua,  and  the  larefaotion  is  not 
©Tory  day  sufficient  to  do  more  than  counteract  the  trade-wind 
force  and  produoe  a  oilm.  The  same  istcnaty  of  ray,  however, 
playing  upon  the  intertrojiical  Tegetatiou  of  a  lee-shore,  ie  so 
much  force  added  to  the  Eea  breeze ;  and  lience,  in  Brazil,  the 
Hea  breeze  is  freslt,  ond  strong,  and  healthful ;  the  land  breeze 
feeble,  and  therefore  not  so  sickly.  I'hiis  we  perceivo  that 
the  etreuglh  aa  well  ae  regularlly  of  the  land  and  sea  breezes 
not  ouly  depend  upon  ihe  topography  of  u  plnco,  but  uho  upon 
itu  iritDalion  with  regard  to  the  prevailing  wiuds ;  and  aldo  tliut 
a  dififerenoe  of  teupeiatnre  between  land  and  water,  though 
t  may  be  miffioient  to  produce  the  phenomena  of  land  and  sea 
Kses  at  one  place,  will  not  be  adequate  to  the  same  effect  at 
lOtber;  and  the  reason  is  perfectly  philosophical. 
310.  Land  breeteejrom  lh«  wai  coast  of  Africa  scorching  hoi. — It 
ie  easier  to  obstmct  and  turn  back  the  current  in  a  elu^ish  than 
in  a  rapid  stream.  So,  alao,  in  turning  a  current  of  air  first 
upon  the  laud,  then  upon  the  sea — very  slight  alternations  of 
temperature  would  suffice  for  this  on  thofo  coasts  where  calms 
■  would  prevail  were  it  not  for  the  land  and  sea  breezes,  as,  for 
B,  in  and  about  the  region  of  equatorial  calma  ;  iliore  the 
UT  is  in  a  state  of  reet,  and  will  obey  the  bligbtest  call  in  any 
direction;  not  so  in  regions  where  ibe  trades  blow  over  the  land, 
and  are  strong.  It  requires,  under  such  circumstances,  a  con- 
siderable degree  of  rarefaction  lo  check  them  and  prodnce  a 
calin,  and  aetill  farther  rarefactifin  to  turn  thew  buck,  and  oouverl 
them  into  a  regular  i^ea  breeze.  Hence  the  scorching  land  breeze 
(5  317}  on  the  west  coast  of  AfiiL'a  :  the  heat  there  may  not  have 
been  intense  enough  to  produce  the  degree  of  rarefaction  required 
to  check  and  turn  back  the  south-east  trades.  In  that  partof  the 
world,  their  natural  course  is  from  the  land  to  the  fea,  and  there- 
fore, if  this  view  be  correct,  the  sea  breeze  should  bo  more  feebla  ; 
than  the  land  breeze,  neither  should  it  last  so  long. 
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320.  LimA  breese  in  Sraxil  awl  Cuba. — But  OH  the  op]>(wit6 
— on  the  cottst  of  Brazil,  ae  at  remaicbiieo,  for  mstimco — wh«r6 
f  ho  trade-wind  comes  from  the  sea,  wq  should  have  this  coudittou 
uf  tilings  reveriied,  and  the  sea  breeze  will  prevail  for  most  oF 
the  time — -then  it  is  the  lund  breeze  which  is  feeble  and  of  abort 
duration  :  it  ib  rarely  felt.  Agitiu,  the  land  and  eea  breezes  in 
Cuba,  and  nlong  the  Gulf  shores  of  the  United  Statics,  will  be 
more  regular  in  their  altematious  than  tbej  are  along  the  shorea 
of  Braeil  or  South  Africa,  and  for  the  simpln  i*eason  that  llie 
Gulf  Bhores  lie  neai-l,v  parallel  with  the  prevailing  direction  of 
the  winds.  In  Rio  do  Janeiro,  the  sea  breeze  ia  the  regular 
trade-wind  made  fresher  by  the  daily  action  of  the  sun  on  the 
land.  It  i^  worthy  of  remark,  also,  that,  for  the  reason  stated 
by  Jansen,  the  land  and  sea  breezes  iu  the  winter  time  are 
almost  unknown  in  countries  of  severe  cold,  though  in  tho 
summer  the  alternation  of  wind  from  land  to  sea,  and  Eea  t^  land, 
may  be  well  marked. 

321.  Mghl  geenes  ifhen  failing  with  the  land  hreezts. — "  Hap]^ 
he,"  remarks  Jansen.  "  who,  in  the  Java  Sea  at  evening,  seeking 
the  land  breeze  olF  the  coast,  finds  it  there,  after  the  salt-hearing. 
Toariag  sea  wind,  and  can,  in  tbe  magnificent  nights  of  the 
tropics,  breathe  the  refreshing  land  breeze,  ofttimeB  laden  witli 
delicious  odours.*  The  veil  of  clouds,  either  after  a  squall,  with 
or  without  rain,  or  after  the  coming  of  the  land  breeze,  ia 
speedily  withdrawn,  and  leaves  the  sky  clearer  during  the  night, 
only  now  and  tben  flecked  with  dark  clouds  floating  over  &om 
tho  land.  Without  these  Boating  clouds  the  land  breeze  is 
feeble.  When  the  clouds  float  away  from  the  sea,  tlie  land 
breeze  does  not  go  far  out  from  (ho  coast,  or  is  wholly  teplaoed 
by  the  sea  breeze,  or,  rather,  by  tho  trade-wind.  If  the  land 
bree:tc  continues,  then  the  ntars  loom  forth,  ae  if  to  free  them- 
selves from  the  dark  vault  of  the  heavens,  but  tlieir  light  dow 
not  whcdiy  vanquish  its  deep  blue,  which  causes  tho  Coal-aacks 
to  come  out  more  distinctly  near  the  Southern  Cross,  as  it  Bmilm 
oonsolingly  upon  us,  while  Scorpio,  the  emblem  of  tJie  tropioel 
climate,  stauds  like  a  warning  in  the  heavens.  The  atarlighu 
which  is  reflected  by  the  mirroi-ed  waters,  causes  t!ie  nights  to 
vie  in  clcnmess  with  the  early  twilight  in  high  latitudea. 
Ntunerous  shtMiling  wtnrs  woary  the  eye,  although  tbey  brook  the 
monotony  of  the  spiitkling  firinament.     ITieir  unceauing  motion 

*  In  Uie  Ruiiili  of  Bataviu.  hovevoiv  tlwy  ue  not  vei;  ngiecabla.— Junnt  ' 
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le  imratbomable  ucean  affords  b  great  ooutrast  to  the  aocming 
of  the  gently- flowing,  aerial  cunent  of  the  land  breeie, 
or  40°  above  the  horizon,  a  fire-bal! 
which  euddealy  illumines  tfao  whole  horizon,  nppcanng  to 
e  the  size  of  the  fixt,  and  fading  away  us  Middonly  un  it  »p- 
Jailing  iulo  fieiy  nodules,  then  v.-o  perceive  that,  in  the 
!nt  calm  of  nature,  varioue  forces  are  cooataiitly  active,  in 
canae,  even  in  the  invi^blo  air,  such  combioations  and 
IS,  the  appearance  of  u  liich  amazes  the  crews  of  ships. 
Len  the  slender  keel  glides  quickly  over  the  mirrored  waters 
upon  the  wings  of  the  wind,  it  cuts  for  it»<AS  a  sparkling  way, 
and  disturbs  in  tJieir  sleep  the  monsters  of  the  deep,  which  whirl 
tind  dart  quicker  than  an  eight-knot  ship ;  sweeping  and  tnming 
around  their  disiarher,  they  suddenly  clothe  Ihe  dark  sni-face  of 
the  water  in  brilliancy.  Again,  when  we  go  beyond  the  limits 
of  the  land  hreeEB,  and  come  into  the  continuous  trade  wind,  we 
occasionally  see  from  the  low-moviug,  round  black  clouds  (unleGS 
it  thnndere),  light  bine  sparks  collected  upou  thu  extreme  points 
of  the  iron  belay ing-pins,  eta.  ;•  then  the  crow  appear  to  fear  a 
new  danger,  against  which  courage  is  unavailing,  and  which  the 
mind  »in  find  no  power  to  endure.  The  fervent,  tiery  naliii'e 
inspires  the  traveller  with' deep  awe.  'I'hey  who,  under  the 
beating  of  the  storm  and  terrible  violenoe  of  ihe  ocean,  look 
danger  courageously  in  the  luce,  feel,  in  the  pru.sence  of  those 
phenomena,  insignificant,  feeble,  anxious,  Then  they  pei-oeive 
the  mighty  power  of  the  Creal^r  over  the  works  of  hie  creation, 
id  how  can  the  uncertain,  the  uudetermined  sensations  arise 
1  are  produced  by  the  clear  yet  sad  light  of  th^i  moon  ?  she 
has  always  great  tcara  in  her  eyes,  while  the  stars  look 
:tly  at  her,  as  if  thoy  loved  to  trust  her  and  to  share  her  af- 
fliction.! ^'^  *'^^  latter  part  of  the  night  the  land  breeze  sinks  to 
sleep,  for  it  seldom  continues  to  blow  with  strength,  but  is 
always  fickle  and  capricious.  With  the  break  of  day  it  again 
ikes,  to  spurt  a  while,  and  then  gradually  dies  away  as  the 
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f  I  Uaro  sMQi  this  in  a  rmmiksbls  degrco  opon  the  south  coast  of  Java; 

n  UfaAa  wric  thuB  scon  ijx  fttl  nbovo  llio  deck,  upon  Itie  fmiuM  of  timbsf 

(htimen  der  Uukh-rn),  in  tlie  ini[)leniaiitii,  etc. — Jxsacx. 

f  Borne  mifi  has  vpiitarod  the  naimrk  tlmt  nt  Ml  moon,  near  Uic  cfinnlnr. 
mora  dew  tuile  than  iit  now  noon,  and  to  (hii  are  n»(Tihol  ILe  tnnonbnxli 
[moan  kai/dm>,  vrlucli  I  have  seen,  hoiretpr,  1<ut  onou  diuini;  all  the  jests 
■  I  have  spcal  bulieen  Iho  Iropio* — Jansek. 
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sun  rises.  The  time  at  wbicb  it  becomes  calm  after  the 
tea  breezes  is  indefinite,  and  the  calms  are  of  uiieqiial  duration. 
Generally,  those  which  precede  the  SL'a  brueze  arc  rather  lunger 
than  those  which  precede  the  land  breeze.  The  teiupcratura  ot 
the  Itind,  the  direction  of  the  coast-tiiie  with  rosjicct  tu  tlte  pr»- 
vailing  directiuu  of  the  tradu-wind  in  whic^h  the  land  is  situated, 
the  clearness  of  the  atmospliot'e,  the  position  of  the  xiin,  perh^s 
also  tiiat  of  the  moon,  the  surface  over  which  the  sua  bre 
blows,  possibly  also  the  degree  of  moisture  and  the  olectritAl 
Ktiite  of  the  air,  the  heights  of  the  mountains,  their  extent,  and 
their  distance  from  the  coast,  all  have  influence  theieun.  Local 
obbcrvations  in  regard  to  these  can  afford  much  light,  as  well  s 
determine  the  distance  at  which  the  land  breeze  blows  &om  tlie 
<!uust,  and  beyond  which  the  regular  trade-wind  or  monsoon  oo 
tinnes  uninterruptedly  to  blow.  The  direction  of  land  and  • 
winds  must  also  be  determined  by  local  observations,  for  the 
idea  is  incorrect  that  they  should  always  blow  perpendicularly  to 
the  coast-line.  Scarcely  has  one  left  the  Java  Sea — which  is,  S 
it  were,  an  inland  sea  between  Sumatra,  Borneo,  Java,  and  the 
arohjpolago  of  small  islands  between  both  of  the  laj>t  named— 
than,  in  the  blue  waters  of  the  easterly  part  of  (he  East  Indian 
Archipelago,  nature  assumes  a  bolder  asiiect,  more  in  harmoi^ 
with  the  great  depth  of  the  ocean.  The  beauty  of  tho  Java  Sea, 
and  the  delightful  phenomena  which  air  and  ocean  display,  have 
here  ceased.  The  scene  booiimes  more  eaiiiest.  The  coasts  Of 
the  eastern  islands  rise  boldly  out  of  the  water,  &r  in  whose 
deptiis  they  have  planted  their  feet,  'I'he  s-juth-enst  wind, 
which  blows  upon  the  southern  coasts  of  the  chain  of  islands,  is 
hometimefl  violent,  always  strong  tiirough  tho  straits  wliicb  sepa- 
rate them  &om  each  other,  and  this  appears  to  be  more  and  □ 
the  case  as  we  go  eastward.  Hero,  also,  upon  the  northern  mast, 
we  find  land  breezes,  yet  the  trade-wind  ofti?ii  blows  so  violently^ 
that  they  have  not  sufficient  power  to  force  it  beyond  the  c 
Owing  to  the  obstruction  which  the  chain  of  islands  presents  to 
tho  south-east  trade-wind,  it  happens  that  it  blows  with  violence 
away  over  the  mountains,  apparently  as  the  land  breeze  does 
upon  tho  north  coast  ;•  yet  this  wind,  which  only  rises  when  U 
blows  hard  from  the  south-east  upon  the  south  coast,  is  eosilj 
distinguished  from  the  gentle  laud  breeze.  The  regularity  of 
■  Snch  ii  Uie  cud,  unong  otliera,  in  tbe  Strait  ol  Mudun,  upoa  the  bdghli 
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the  laud  uid  eca  breezes  in  tbe  Java  Sea  and  upon  the  coasts  of 
the  northern  r&nge  of  islands,  Banca,  Borneo,  Celebes,  etc., 
during  the  east  monsoon,  must  in  part  bci  ascribed  to  the 
bindrancoa  ■which  the  Bouth-eaet  trade-wind  meet*  in  the  ifilanda 
which  lie  directly  in  it*  way — in  part  to  t.lie  incUnation  towards 
tbe  east  monaoon  which  the  trade-wind  undergoes  after  it  bas 
come  within  the  archipelago — and,  finally,  to  its  abatement  as  it 
approaches  the  etiuator.  Tbe  canoes  «'hich  produce  the^  land 
breezes  thns  appear  collectively  not  sufficiently  powerful  to  be 
_  kble  to  tnrn  back  a  ajrong  trade-wind  in  the  ocean." 
I'  322.  Bed  /oga  in  the  Xedilerranean. — Seamen  tell  ns  of  "  red 
fbga  "  which  they  Hometimes  encounter,  especially  in  tbe  vicinity 
of  tbe  Cape  de  Verd  Jslands.  In  other  parte  of  ihe  soa,  also,  they 
meet  ehowera  of  dust.  What  these  showers  precipit&te  in  the 
Mediterranean  ie  calleil  "  sirocco  dust,"  and  in  other  parts 
"African  dust,""  because  the  winds  which  accompany  them  are 
supposed  to  come  from  the  Sirocco  desert,  or  some  other  parched 
land  of  the  continent  of  Africa.  It  is  of  a  brick -red  or  cinnamon 
colour,  and  it  sometimca  comes  down  in  euoh  qnantities  as  to 
obscure  the  sun,  darken  tbe  horizon,  and  cover  the  sails  and 
rigging  with  a  thick  costing  of  dust,  though  the  vessel  may  be 
hundreds  of  miles  from  the  land. 

323.  Bed/og»  near  Ike  tguaior.—Jh.  Clymer,  Fleet-sur^on  of 
the  African  squadron,  reports  a  red  fog  which  was  encountered 
in  February,  1856.  by  the  tJ.  8.  ship  Jamestown.  "  We  were," 
says  he,  "immersed  in  the  dust-fog  six  days,  entering  it  abruptly 
on  the  night  of  the  9th  of  February,  in  lat.  7°  30'  N.,  and  long. 
15°  W.,  and  emerging  from  it  (and  at  the  same  time  from  the 
stone  of  the  equutorial  calms  into  the  north-east  trades)  on  the 
I5tb  instant,  in  lat.  9"  N.,  and  long.  19°  W.  With  these  winds, 
we  beat  to  Porto  Praya  (in  lat.  14°  54'  N.  and  long.  23"  30'  W.), 
crossing  a  spulh-weat  current  of  nearly  a  mile  an  hour,  arriving 
at  Porto  Prayn  on  the  22nd  of  Febniary.  The  red  dust  settled 
thickly  on  the  sails,  rigging,  spare,  and  decks,  from  which  it  was 
easily  collected.  It  was  an  impalpable  powder,  of  a  brick-dnst 
or  cinnamon  colour.  He  atmosphere  was  so  dusky  that  -wo 
could  not  have  seen  a  ship  at  mid-day  beyond  a  quarter  of  a 
mile."t 

324.  Pitlting  lalliet  on  Ike  teind. — Now  the  ]Nitlent  raoder,  who 
"  Prof.  Ebienbwg  calli  it  •■  Sea-dost." 
t  See  Suling  Directlana  8Ih  ed.,  toL  ii.,  p,  STI. 
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1  preceding  chapter  (TV.) 
will   perceive    thiit 
.8  a  faot  that  Uie 


has  had  the  heart  to  follow  i 
around  with  "the  wind  in  1 
evidence  in  detail  in  yet  wanting  to  ■ 

north-east  and  sonth-cast  trades,  after  meeting  anil  rising  np  in 
the  equatorial  calms,  do  croae  over  and  take  the  paths  repre- 
H^nted  by  H  S  and  F  G,  Plate  I.  Statemeuls,  and  reaBona,  and 
ailments  enoogh  have  already  been  made  and  adduced  (§  2S8) 
to  make  it  highly  probable,  acooiding  to  human  reaeoniog,  that 
such  IB  the  caae  ;  and  though  the  theoretical  deductions  showing 
snch  to  be  the  c^e  be  never  so  plausible,  positive  proof  that 
thoy  are  true  cannot  fail  to  be  received  with  delight  and 
satisfaction.  Were  it  possible  to  take  a  portion  of  this  air. 
which  should  represent,  as  it  travels  along  with  the  soath-eatet 
trades,  the  general  cuuree  of  atmospherical  circulation,  and  to 
put  a  tally  on  it  by  which  we  conld  follow  it  in  iU  circuits  and 
always  recognize  it,  then  we  might  hope  actually  to  prove,  by 
evidence  tlie  most  positive,  the  channels  through  which  the  air 
of  the  trade-winds,  after  ascending  at  the  equator,  retums 
whence  it  came.  But  the  air  is  invisible ;  and  it  is  not  ea»ly 
perceived  how  either  marks  or  tallies  may  be  put  on  it,  that  it 
may  be  traced  in  its  paths  through  the  clouds.  The  GCeptio, 
therefore,  who  finds  it  hard  to  believe  that  the  general  circu- 
lation is  such  as  Plate  I,  represents  it  to  bo,  might  consider  him- 
self safe  in  his  unbelief,  were  he  to  declare  his  willingness  lo 
give  it  up  tlio  moment  any  one  should  put  tallies  on  the  wings 
of  the  wind,  which  would  enable  him  to  recognize  that  air  and 
those  tallies  again,  when  found  at  other  parts  of  the  earth's 
surface.  As  difficult  as  this  seems  to  be,  it  has  actually  been 
done.  Khrenberg,  with  his  microscope,  has  established,  almost 
beyond  a  doubt,  that  the  air  which  the  south-east  trade-winds 
bring  to  the  equator  does  rise  up  there  and  pass  over  into 
the  northern  homisphere.  The  Sirocco  or  African  dust,  whic^ 
he  has  been  obsei-ving  so  closely,  has  turned  out  to  he  tallies  put 
upon  the  wind  in  the  other  hemisphere;  and  this  hcantifol 
.nstrument  nf  his  enables  us  to  detect  the  marks  on  these  littltt 
tallies  as  plainly  as  though  those  marks  had  been  written  upon 
labels  of  wood  and  tied  to  the  wings  of  the  wind. 

326,  Tliey  tell  of  a  eroaaing  at  the  caha  bcltg. — This  dust,  when 
snhjeoted  to  microscopic  examination,  is  found  to  ouusifit  of 
infusoria  and  organisms  whose  habifat  is  not  Africa,  but  Sootli 
America,   and  in  the  eotith-«ast  trade-wind  region   of    Sootli' 


lerica.     VrotesBOr  Bhrenberg  liae  examined  Epeoimenfi  of  sea- 

Bst  from  tlje  Cape  de  Verds  and  the  regions  thtireal>oat — from 

lalU,  Genoa,  Lyons,  and  the  Tyrol — and  he  has  fotinda 

I'larity  am<wg  them  as  striking  as  it  'would  have  been,  had 

I  apeuimeuB  Iwen  all  taken  from  the  aanio  spot.     South  American 

I  iurms  he  recognizes  in  all  of  them ;  indeed,  they  are  tlie  pre- 

1  vkiling  forms  in  every  epecimen  he  has  examined.     It  may,  I 

I  think,  be  now  regarded  as  an  establiehcd  fact  that  there  is  a 

perpetual  upper  omrent  of  air  from  South  America  to  North 

Africa;  and  that  the  volume  of  air  which  flows  to  the  noi-thward 

in  these  upper  currents  is  nearly  equal  to  the  volume  which 

flows  to  the  southward  with  the  north-east  trade-winds,  there 

can  be  no  doubt.     I'he  "rain  diut"  has  been  observed  most 

frequently  to  full  in  spring  and  autumn ;  that  is,  the  fall  ha>> 

occurred  after  the  equinoxes,  but  at  intervals  iJom  them  vaiying 

from  thirty  to  sixty  days,  more  or  less.    To  account  for  this  sort 

"  r  periodical  occurrence  of  the  falls  of  this  dust,  Ehrenberg 

^oks  it  "necessary  to  suppose  a  du^-doud  U>  le  eotutanUy  twim- 

in'j  tn  Ike  atmotphere  bt/  etnUinuoua  rurrenls  of  air,  and  tying  in  Me 

'  n  of  the  trade'wijids,  but  suffering  partial  and  periodiitd  dmia- 

It  has  already  been  shown  {i  295)  that  the  rain  or  calm 

kelt  between  the  trades  travels  up  and  down  the  earth  from 

i  to  souilk  and  back  again,  making  the  rainy  season  wher- 

WeT  it  goes.     I'he  reason  of  this  will  be  explained  in  another 

g^Uoe.     This  dust  is  probably  taken  up  in  the  dry,  and  not  in  the 

ret  season;    instead,  therefore,  of  iU  being  "held  in   clouds 

nSering  partial  and  periodical  deviations,"  as  Ehrciibcvg  sug- 

aore  probably  comes  from  one  place  about  the  vernal, 

IDd  from  another  about  the  autumnal  equinox  :  for  places  which 

e  their  rainy  season  at  pue  equinox  have  their  dry  seaBon  at 

e  other.     At  the  time  of  the  vema)  equinox,  the  valley  of  the 

■ower  Orinoco  is  then  in  it^  dry  season — eveiything  is  parched 

with  the  drought ;  the  pools  are  dry,  and  the  marehos  and 

s  become  arid  wastes.    All  vegetation  has  ce-ased ;  the  great 

pents  and  re]itilcs  have  buried  themselves  for  hibernation;* 

e  hum  of  insect  life  is  hushed,  and  the  etillness  of  death  reigns 

rough  the  valley.    Under  these  oiroumslances,  the  light  breeze, 

tising  dust  from  the  bed  of  lakes  that  are  dried  up,  and  lifcing 

lotee  from  the  brown  savannas,  will  bear  them  away  like  clouds 

i  the  air.     This  is  the  period  of  the  year  when  tiie  sutTw»  tA. 
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1  this  region,  atrewed  with  impalpable  and  featWr^- 
light  retuaina  of  animal  and  vegetable  ot^aniEniu.  is  swept  uver 
by  whirlwinds,  galett,  and  tomadoea  of  terrific  force :  this  is  the 
period  for  the  general  atmciRpberio  distarbancea  which  hftve 
made  cbaracterifctic  the  equinoxeB.  Do  ncif  these  conditioiu 
appear  aufEcient  to  afford  the  "  rain  dust "  foi'  the  Kpriiig  showere  ? 
At  the  period  of  the  autuuiiial  equinox,  aoothar  jwrtion  of  the 
Amazonian  basin  is  parched  with  drought,  and  liable  to  winda 
that  £11  the  air  with  dost,  and  with  the  remains  of  dtad  animal 
and  vegetable  matter:  these  impalpable  organltims,  which  eac^ 
lainy  season  calls  into  being,  to  perish  the  succeeding  season  of 
drought,  are  perhapit  distended  and  made  even  lighter  by  the 
gases  of  decomposition  which  has  been  going  on  in  the  period  of 
drought.  May  not,  therefore,  the  whirlwinds  which  accompany 
the  vernal  equinox,  and  sweep  over  the  lifeless  plains  of  the 
Lower  Orinoco,  take  up  the  "  rain  dust"  which  descends  in  the 
northern  hemisphere  in  April  and  May  ?  and  may  it  not  be  the 
atmospherical  disturbances  which  accompany  the  autnnuial 
equinox  that  take  up  the  microscopic  organismN  from  the  Upper 
Orinoco  and  the  great  Amazonian  basin  for  the  showers  of 
October  ? 

32G.  Humboldl't  ileficrlplion  of  the  dugt-tehirtieindt  of  the  Onnoco. — 
The  Baron  von  Humboldt,  in  his  AtpecU  //  Nalare,  thus  contrasts 
(he  wet  and  the  dry  seasons  there  :  "  When,  under  the  vertical 
taya  of  the  never-clouded  sun,  the  carbonized  tuify  covering 
falls  into  dust,  the  indurated  soil  cracks  asunder  as  if  from  the 
shock  of  an  earthquake.  If  at  such  times  two  opposing  currents 
of  air.  whoso  conflict  produces  a  rotary  motion,  come  in  contact 
with  the  soil,  the  plain  assumes  a  strange  and  singular  aspect. 
Like  conical- shaped  clouds,  the  points  of  which  descend  to  the 
earth,  the  sand  rises  through  the  rarefied  air  an  the  clectrtcallj' 
charged  centre  of  the  whirling  current,  resembling  the  lond 
water-epont,  dreaded  by  the  experienced  mariner.  I'he  lowering 
sky  sheds  a  dim,  almost  straw-coloured  light  on  the  desolate 
plain.  The  horizon  draws  suddenly  nearer,  the  steppe  seema  to 
oontract,  and  with  it  the  heart  of  the  wanderer.  The  hot,  dusty 
particles  which  fill  the  air  increase  its  suffocating  heat,  and  the 
east  wind,  blowing  over  the  long-heated  soil,  brings  with  it  no 
rotreshment,  but  rather  a  sIiU  more  burning  glow.  The  pools 
which  the  yellow,  fading  branches  of  the  fan-pulm  had  protected 
from  evaporation,  now  gradually  disappear.     As  in  the  ioy  s 
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the  aaimala  beconio  torpid  with  cold,  so  here,  under  the  influence 
of  thts  parching  drought,  the  crocodile  and  the  bos  hecome 
motionlesa  and  full  asleep,  deeply  buried  in  the  dry  mud.  .  .  . 
The  distant  ])alm-buBh,  apparently  mised  by  the  influence  of  the 
contact  of  unequally  heated  and  therefore  unequally  dense  strata 
of  air,  hoverv  aboTo  the  ground,  from  which  it  is  separated  by  a 
narrow  inlerrening  margin-  Half-concealed  by  the  dense  clouds 
of  dust,  restless  with  the  pain  of  thirst  and  hunger,  the  horses 
Mid  oattlo  ruani  anjund,  the  cattle  lowing  dismally,  and  the 
lorset)  stretcJiing  out  their  long  necks  and  snuffing  the  wind,  if 

iply  a  moist  current  may  betray  the  neighbourhood  of  a  not 
(rholly  dried-up  poul.  ...  At  length,  after  the  long  drought, 
""  raloome  Bcason  of  the  rain  arrives;  and  then  how  euddenly 
i  scene  changed  !  .  .  .  Hardly  haa  the  surface  of  the  earth 

reived  the  refreshing  moisture,  when  the  previously  barren 

jppe  begins  to  exhale  sweet  odours,  and  to  clothe  itself  with 
killingiaa,  and  a  variety  of  graesoB,  The  herbaceous  mimosas, 
with  renewed  ecnsibillly  to  the  influence  of  light,  unfold  their 
drooping,  slumbering  leaves  to  greet  tlie  rising  huu  :  and  th« 
early  song  of  birds  and  the  opening  blossoms  of  the  water-plants 
join  to  salute  the  morning," 

327.  Are  the  great  detarti  eetUrea  of  dretdalionl — The  arid  pluiua 
and  deserts,  as  well  as  high  mountain  ranges,  have,  it  may  well 
be  supposed,  an  induence  upon  the  novementfi  of  the  groat 
aerial  ooeun.  as  shoals  and  other  obstructions  have  upon  the 
channels  of  circulation  in  the  sea.  The  deaerl^  of  Asia,  for 
instance,  produce  (§  299)  a  disturbance  upon  the  grand  nj-atem 
of  atmospherical  circulation,  which,  in  summer  and  autumn,  is 
felt  in  Europe,  in  Liberia,  and  awny  out  upon  the  Indian  Ocean, 
as  far  as  the  parallel  of  the  10th  degree  of  Eonth  latitude.  Itiere 
ia  an  indraught  from  all  these  regions  towards  these  deserts. 
These  indraughts  ore  known  as  monsoons  at  sea;  on  the  land,  as 
the  prcToiling  winds  of  the  season.  Imagine  the  area  within 
whieh  this  indraught  is  felt,  and  let  us  ask  a  qnestion  or  two, 
hoping  for  answers.  The  air  which  the  indraught  brings  into 
the  desert  places,  and  which,  being  heated,  rises  up  there, 
whither  does  it  go?  It  rises  up  in  a  column  a  few  miles  high 
and  many  in  circumference,  we  know,  and  we  can  imagine  ihat 
it  is  like  a  ithaft  many  times  thicker  than  it  is  t^ll ;  but  how  is 
it  crowned  7  Is  it  crownud  like  the  stem  of  a  mushroom, -WcOa 
Lid  efflorescence  or  ebullition   of  heated   ait  flatTO^  ustt   va&. 
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Bpreading  out  in  all  directiuDB,  and  then  gradnally  thiuuing  G 
tut  on  upper  current,  eilonding  even  unto  the  verge  of  the  aren 
whence  the  indraught  is  dran-n  ?  If  go,  does  it  then  descend  and 
return  to  the  desert  plaios  as  an  indraitght  agnin  ?  Then  tbeoe 
desert  ^jta^es  would  constitute  ceutj'es  of  circulation  for  the 
monsoon  period  ;  and  if  they  -were  such  ccDtrea,  whence  would 
these  winds  get  the  vapour  for  their  rains  in  L'urope  and  Asia? 
Or,  instead  of  the  mushroom  shape,  and  tlie  flare  at  the  top  in 
all  directions  from  centre  to  circumferenoe,  does  the  ujirieing 
column,  like  one  of  those  suhmarine  fountains  which  are  said  to 
be  in  tie  Gulf  Stream  off  ihe  coast  of  Florida,  bubble  up  And 
join  in  with  the  flow  of  Ihe  upper  current  ?  The  right  answew 
and  explanations  ta  these  queBtior>s  would  add  greatly  to  onr 
knowledge  oonoerning  the  general  circulation  of  the  atmosphere. 
It  may  be  in  the  power  of  observation  and  tlie  mioroscope,  or  of 
the  magnetic  telegraph,  to  give  light  here.     Let  us  hope. 

328.  The  coloar  of  "■  »ea-dv»t." — The  colour  of  the  "  rain- dust." 
when  eoUected  in  parcels  and  sent  to  Ehrenbei^,  is  "  briok-rBd," 
or  "  yellow  ochre  ;"  when  seen  by  Humboldt  in  the  air,  it  was 
leas  deeply  shaded,  and  is  described  b^  him  as  imparting  a 
"  straw  colour "  to  the  atmosphere.  In  the  search  of  spider- 
lines  for  the  diaphragm  of  my  telescopes,  I  procured  the  fine-st 
and  best  threads  from  a  cocoon  of  a  diily-red  colour;  but  the 
threads  of  this  cocoon,  as  seen  singly  in  the  diaphragm,  were  of  a 
golden  colour:  there  would  seem,  therefore,  no  difficulty  in 
reconciling  the  difference  between  the  colours  of  ihe  rain-dnat 
when  viewed  in  little  piles  by  ihe  microscopiat.  and  when  seen 
attenuated  and  floating  in  the  wind  by  iho  groat  traveller. 

329.  A  dem  leading  into  ihe  ehamhera  of  the  touth. — It  tippears, 
therefore,  that  we  here  have  placed  in  our  ^hands  «  clow,  which, 
attenuate  and  gossamer-liko  though  it  at  first  appears,  is  never- 
theless palpable  and  strong  enough  to  guide  us  along  thnnigb  the 
"  oirouitB  of  the  wind  "  even  unto  "  tlie  chambers  of  the  soutlj." 
The  frequency  nf  the  ffiU  of  "win  dust"  between  the  parallela 
of  17°  and  26"  north,  and  in  the  vicinity  of  the  Cape  Verd 
iBlnnds,  is  remarked  upon  with  emphasis  by  the  microsooputt. 
It  is  worthy  of  renmrk,  because,  in  connection  with  the  inwti- 
g&tioDS  at  the  Ubservutory,  it  is  significant.  The  latitudisal 
liinita  of  the  northern  edge  of  ihe  north-cast  trade-winds  lut) 
variable.  In  the  cpring  they  are  nearest  to  the  equator,  extend* 
tng  somotimua  at  this  season  nut  farther  from  the  cijuatot  H 
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the  parallel  of  15"  north.  The  breadth  of  the  calms  of  Cancer  is 
also  variable ;  eo  also  are  their  limite.  The  extreme  vibration  of 
this  zone  is  between  the  pai^llols  of  17°  and  38°  north,  tiocording 
to  the  season  of  the  year. 

330.  Bedfogt  do  not  abeayi  occur  al  the  mme  place,  hnt  Ikeg  oeeur 
narlh-eaM  and  toath-inat  range. — According  to  the  hypoihuais 

(J  210)  Bii^ested  by  my  researches,  this  is  the  region  in  which 
ipper  currents  of  atmoejihcre  that  ascended  in  the  equatorial 
ilnw,  nnd  flowed  off  to  the  northward  and  eastward,  are  anp- 
poBed  to  descend.  This,  therefore,  ia  the  region  in  which  the 
atmosphere  that  beara  the  "rain  duRt,"  or  "African  Band,"  de- 
Rcends  to  the  eurfaeo ;  and  this,  therefore,  is  the  region,  it  might 
be  supposed,  which  would  he  the  most  liable  to  ehowere  of  this 
"dnst."  This  is  the  region  in  which  the  Cape  Verd  Islands  are 
ritnated;  they  are  tn  the  direction  which  theory  gives  to  the 
npper  onrrent  of  air  from  the  Oiinooo  and  Amazon  with  its  "rain 
dust,"  and  they  are  in  the  region  of  the  most  frequent  showera  of 
"rain  dnatt  aJl  of  which,  though  they  do  not  absolutely  prove, 
are  nevertheless  strikingly  in  conformity  with  this  theory  as  to 
the  circulation  of  the  atmosphere, 

331.  Cimditiott  requimte  to  the produelion  of  a  gea/og. —  It  is  true 
that,  in  the  present  state  of  our  infoimatiun,  we  cannot  tell  why 
tluB  "rain  dust"  should  not  be  gradually  precipitated  from  this 
Vpper  current,  and  descend  into  the  stratnm  of  trade-winds,  as  it 
:J^(Usea  from  the  equator  to  higher  northern  latitudes ;  neither 

■  "  why  the  vapour  which  the  same  windx  carry  along 

raid  not,  in  like  manner,  be  precipitated  on  the  way  ;  nor  why 

should  have  a  thiindcr-slorm,  a  gale  of  wind,  or  tho  dii^lay  of 

ly  other  atmospherical  phenomenon  to-raurrow,  and  not  to-day: 

"  that  we  can  say  is,  that  the  conditions  of  to-day  are  not  such 

the  phenomenon  requires  for  its  own  development.     There- 

tbuogh  we  cannot  tell  why  the    "sen-dust"   should  not 

Iwuya  fall  in  the  same  place,  we  may  neverihelosa  suppose  that 

not  always  in  the  atmosphere,' for  the  storma  that  take  it  np 

iir  only  occasionally,  and  that  when  up,  and  in  passing  the 

parallels,  it  does  not,  any  more  than  the  vapour  from  u 

part  of  thu  sea.  always  meet  with  the  condilions — electrical 

and  othere — favourable  to  its  deficent,  and  that  ibetie  conditions, 

as  with  the  vapour,  may  occur  now  in  this  place,  now  in  that. 

But  that  the  fall  does  occur  always  in  the  same  atmospherical 

or  general  direction,  my  invest igaliona  wo\i\i  itvi^^«,^uA 

'enb^'s  resBoTches  prove.     Judging  bv  the  Sai\  ot  mis.  dt  tomv 
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dnst,  we  m»j  suppose  that  the  currente  in  the  upper  regiooa 
the  atmosphere  are  remarkalile  for  their  gener&l  regularity,  as 
well  as  for  their  geneml  direction  and  sharpness  of  limits,  so  to 
speak.  We  may  imngino  that  certain  electrical  cunditioos  are 
neccBsary  to  a  sLuwer  of  "sea-diiBt"  as  well  as  to  a  thunder' 
storm ;  and  that  the  interval  between  tLe  time  of  the  equinoctial 
disturbances  in  the  atmosphere  and  the  occurrence  of  tlieso 
showera,  though  it  does  not  enable  ub  to  determine  the  true  rate 
of  motion  in  the  general  nystem  of  atmospherical  cironlation,  yet 
osauree  us  that  it  is  not  leas  on  the  average  than  a  certain  rate. 
We  canuot  pretend  to  prescribe  the  conditiona  requisite  for 
brit^ing  the  dust-cloud  down  to  die  earth.  The  radiation  from 
the  smoke-dust — ^as  the  particles  of  visible  smoke  may  he  called 
— has  the  efiect  of  loading  each  little  atom  of  Gmoke  with  dew, 
causing  it  to  descend  in  the  black  fogs  of  London.  Any  oircum- 
atanoes,  therefore,  which  may  caiitjo  the  dust  that  ascends  as  a 
straw-coloured  cloud  from  tho  Orinoco,  to  radiate  its  caloric  and 
collect  moisture  in  the  sky,  may  cause  it  to  descend  as  a  red  fog 
in  the  Atlantic  or  Mediterranean, 

332.  What  is  the  agmt  that  guides  the  air  aerose  Ihe  calm  bclUt — 
I  do  not  oSer  these  remarks  an  an  e\j>lauatiou  with  which  wo 
ought  to  rest  satisfied,  provided  other  proof  can  be  obtained;  I 
rather  offer  them  in  the  true  philosophical  spirit  of  tlie  distin- 
guished raicroscopist  himself,  simply  as  affording,  as  far  as  thoy 
are  entitled  to  be  called  an  expUination,  that  explanation  which 
is  most  in  conformity  with  tho  facts  before  us,  and  which  is 
suggested  by  tho  results  of  a  novel  and  beautifiil  system  of 
philosophical  research.  It  is  not,  however,  my  provijioe,  or  that 
of  any  other  philosopher,  to  dictate  belief.  Any  one  may  found 
hypotheses  if  he  will  state  hie  &cU  and  the  reasoning  by  which 
he  deiives  the  conclusions  which  constitnl^  the  hypothesis. 
Having  done  tins,  he  shoidd  patiently  wait  for  time,  farther 
research,  and  the  judgment  of  his  peers,  t«  expand,  confirm,  gr 
reject  the  doctiine  which  he  may  have  conceived  it  his  duty  to 
proclaim.  Thus,  though  we  have  tallied  the  air,  and  put  labda 
on  the  wind,  to  "tell  whence  it  cometh  and  whither  it  gi>eth," 
yot  there  evidently  is  an  agent  concerned  in  the  circulation  of 
the  atmosphere  whose  functions  are  manifest,  but  whose  presence 
hat)  never  yet  been  clearly  recognized.  \\  hua  the  air  which  tha 
north-oast  trade-winds  bring  down,  meets  in  the  equatorial 
calms  that  which  tho  south-unst  trade-winds  convey,  and  the  two 
ctreams  rise  up  together,  whai  is  it  that  makes  them. 
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Evhcre  is  the  power  that  guides  that  from  tbe  north  over  to  the 

laonth,  and  that  irom  the  south  up  to  tbe  north '!    The  conjectures 

n  the  next  chapter  as  to  "  the  relation  between  magnetism  and 

oirculalion  of  the  ulmoBphore "   may  perhapit  throw  noiue 

I'light  upiio  the  answer  to  thL^  question. 


CHAPTER  VII. 

I'$S41-3C8. — THE    EASTINO    OF  THE    TRADE-WINDS,  THE    CBOaStNO  AT 
TilF.  CALM   BELra,  AND  THE  jUAUSETISU  OF  THE  ATMOSPHERE. 

1341.  Baileg'a  theory  not  fully  confirmed  by  obiervnb'oni. — Halley'a 
r  tbeoTy  of  the  trade-winds,  especially  bo  much  of  it  as  ascrihea 
r  Iheir  eneterly  direction  to  the  elTcet  of  the  dinmal  rotation  of  the 
t'Carth,  aecms  to  have  been  geneiully  received  as  entirely  correct. 
I'But  it  is  only  now,  since  ikll  tbe  maritime  natiomi  of  the  world 
I'liaTe  united  in  a  common  nystem  of  research  concerning  the 
I  physios  of  the  eeo,  and  occupied  it  with  observers,  that  we  hiive 
,  been  enabled  to  apply  the  taperimerUum  cracii  to  this  part  of  ihe 
famons  theory.     The  abstisct  legs,  as  the  observing-books  are 
called,  have  placed  wilhin  my  reach  no  lese  than  632,460  obser- 
vations— each  one  itself  being  the  mean  of  many  separate  ones — 
upon  the  force  and  direction  of  the  Irade-ninds.     It  appears 
ftrum  these  that  diurnal  rotation  being  regarded  as  the  toU  cause, 
a  not  mlirely  aocount  for  the  eoMting  of  these  winds. 
^  342.  CAiaemtd  course  of  the  tTado-aitidt. — From  these  obsei'va- 
s  the  following  table  has  been  compiled.     It  shows  the  menu 
Uiuol  direction  of  the  trade-winds  in  each  of  the  hix  belts, 
b  and  eonth,  between  the  parallels  of  30°  and  the  eqnalor, 
^ether  with  the  number  of  obaervations  from  which  the  mean 
for  the  belt  ia  derived  : — 
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49°  20'  66,3il6 

63°  46.UW 

411=40'  43.817 

51"  40'  W,«4B 

4IP4U'        I  72,945 
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Between  the  equator  and  h"  nortb,  the  annual  average  duratioa 
of  the  trades  is  67  ddys  for  the  north-east,  and  199  for  the  e 
east,  with  a  mean  direction  for  lie  ktter— which  are  the  pn 
ing  winds  between  those  paralleb^of  S.  47°  30'  E. 
to  the  Halleyan  theory  these  should  be  eoutb-west  winds. 
343.  Tflocitiesofthetrtuie-iBindt. — In  the  Atlantic  the  s 
velocity  of  the  sonth-eaet  is  greater  than  the  average  velocity 
the  uorth-east  trades.*     I  estimate  one  to  he  from  14  ti 
other  from  about  25  to  30  miles  an  hour.     Afauniing  their  V 
city  to  be  14  and  25  respectively,  the  following  dfjxuiuMi  t 
the  miles  of  eculing  wlu"ch  the  trade-winds  average  per  ] 
through  each  of  the  above-named  belts ; 
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15°  and  lff= 
Wand  5° 
S'and    ff* 
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34J,  Ih'ffcrence  between  obserTatiim  and  theory.— That  diiinul 
rotation  docs  impart  easting  to  these  winds  there  is  no  donbt; 
but  the  path  suggested  by  the  table  does  not  conform  to  that 
which,  according  to  any  reasoniihle  hypothesis,  the  tractc-winds 
would  follow  if  left  to  obey  the  foroea  of  ditimfll  rotation  alone, 
as  they  would  do  were  diurnal  rotation  the  sole  cause  of  iheir 
easting.  As  these  winds  approach  the  equator,  the  effect  of 
diurnal  rotation  beoomes  more  and  more  feeble.  But  the  table 
shows  no  such  dimination  of  effect,  lliey  have  as  much  easting 
between  5°  and  0°  as  they  have  between  30°  and  25°,  Nay,  the 
south-east  trades  between  the  equator  and  .1°  N. — where,  by  the 
Ilalleyan  theory,  they  thould  have  uwrfinif — have  as  much  easting 
(S  342)  as  they  have  between  30"  and  26°  south.  We  cannot  tell 
how  much  the  air  is  checked  in  its  easterly  tendency  by  rusisting 
Agents,  by  fj'iction,  etc..  but  we  know  that  that  tendency  is  aboat 
ton  times  stronger  between  30°  and  25"  than  it  is  between  5"  and 
0°,  and  yet  actual  observations  show  no  diU'erence  in  their 
oonrso.     Tliis  table  reminds  us  that  diomal  rotation  should  not. 
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Ttntil  inoro  DumerouB  and  accurale  observatioDB  sliall  better 
satisfy  Ihfs  theory  than  those  half  a  million  and  more  now  do,  be 
regarded  aa  the  sole  cause  of  the  easterly  direction  of  tlie  tmdo- 
winds.  It  siiggoHts  either  that  otiior  agonts  are  concernod  in 
giving  the  trade-winds  their  easting,  or  that  the  effect  of  the 
upper  and  counter  current,  when  drawn  down  and  turned  back 
(^  232),  in  such  as  to  counteract  their  unequal  turning  in  obe- 
dience to  the  varying  forces  of  diurnal  rotation.  Ha  apology  is 
needed  for  applying  the  testa  of  actual  observation  to  this  part  of 
the  Halleyan  theory,  notwithatanding  the  general  concurrenoe  of 
opinion  as  to  its  eufSciency.  With  equal  favour  that  feature  of 
it  also  was  received  which  ascribes  the  rising  up  in  the  belt 
of  equatorial  calms  (o  the  direct  influence  of  the  solar  ray.  But 
the  advancement  which  has  been  made  in  our  knowledge  of 
physical  laws  since  Halley  expounded  hfs  trade-wind  theory 
suggested  a  review  of  that  feature,  and  it  was  found  that,  though 
the  direct  heat  of  the  sun  is  one  of  the  agents  which  assiels  the 
air  to  rise  there,  it  is  not  the  sole  agent ;  the  latent  heat  which  is 
set  &ee  by  condensing  vapour  for  the  equatorial  cloud-ring  and 
its  rains  is  now  also  (§  252)  recognized  as  an  agent  of  no  feeble 
power  in  this  calm  belt. 

345.  Faraday'»  diteoveri/  of  magneiiem  in  the  air. — \\'here  shall 
those  who  are  disposed  to  search,  look  for  this  other  agent  that 
is  supposed  to  be  concerned  with  the  trade-winds  in  their  east- 
ing? I  cannot  say  where  it  is  to  bo  found,  but  considering  the 
recent  discoveries  in  terrestrial  magnetism — considering  the 
close  relations  between  man;  of  its  phenomena  and  those  both  of 
heat  and  electricity — the  question  may  be  asked  whether  some 
poroer  capable  of  guiding  "the  wind  in  his  circuits"  may  not 
lurk  there?  Oxygen  comprises  more  than  one-fifth  part  (two- 
ninths)  of  the  atmosphere,  and  Faraday  has  discovered  that 
oxygen  is  para-magnetic.  If  a  bar  of  iron  be  suspended  between 
the  poles  of  a  magnet,  it  will  arrange  itself  axially,  and  point 
towards  them :  but  if,  instead  of  iron,  a  bar  of  bismuth  lie  used, 
it  will  an-ange  itself  eqnatorially,  and  point  in  a  direction 
perpendicular  to  that  in  which  the  iron  pointed.  To  distinguish 
these  two  kinds  of  forces,  Dr.  Faraday  has  aaid  iron  is  para- 
magnetic, bismuth  dia- magnetic.  Oxygen  and  iron  belong  to 
the  same  class,  and  alt  euhstiinces  in  nature  belong  to  one  or 
the  other  of  the  two  classes  of  which  iron  and  bismulh  are  the 
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3-ii!.  lAnea  of  magnelic  /ort'c— This    eminent  piiilosopber  I 
nlso  shown  that  if  yon  place  a  Magneti»d  bar  of  iron  on  u  smoOtTi 
sarface,  and  sift  fine  iron  fitingH  down  npon  it,  thcHo  filings  will 
arrange  itiemsolves  in  curved  lines  as  in  Fiij.  1  ;  or,  if  tho  barb* 
broken,  they  wilt  anrmgo  theraselvos  as  in  Jly.  2.     The  ei 
self,  or  the  atmospheric  envelope  by  which  it  is  snrrounded.d 
moat  powerfnl  magnet,  and  the  linea  of  force  which  proj 
whulln.r  fr<jiii  il-=  hilurior,  its  solid  shell,  or  vaporous  coveii 


■re  held  to  be  just  snoh  lines  as  those  are  which  surround  a 
fioial  magnets ;  proceed  whence  they  may,  they  are  supposed  to 
extend  through  the  atmosphere,  and  to  reach  even  to  the  plane- 
tary spaces.  Many  eminent  men  and  profound  thinkers,  Sir 
Davii^  Brewster  among  them,  suspect  that  the  atmosphere  itself 
is  tho  seat  of  tonestrial  magnetism.  All  admit  that  many  of 
those  agents,  both  thermal  and  electrical,  which  piny  highly 
important  part-a  in  the  meteorology  of  our  pliinet,  eserctsftj 
marked  influence  upon  the  magaetio  condition  of  iheatmosp 
also. 

347-  The  mastic  iitfiutficet  of  the  oxggen  of  ike  air  and  q 
gpoU  on  Ae  wn.— Now,  when,  referring  to   Dr.   Faraday's 
cuvery  (§  345),  and  the  magnetic  lines  offeree  as  shown  by  ^ 
iiuu  filiogR  {i  34ti),  w«  compare  the  particles  uf  oxygen  g 
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tliese  miunto  bils  of  femiginous  dust  that  atrarige  lheiasulve§  in 
linea  and  curves  about  magnets  ;  nlieQ  wo  reflect  that  this  great 
magnet,  tbe  earth,  is  eurronnded  by  a  pani-niagnetic  gas,  to  the 
motecales  of  which  the  finest  atom  from  the  file  is  in  oomp&riaon 
groM  and  ponderous  matter  ; — that  the  entire  mass  of  ihia  air  is 
equivalent  to  a  sea  of  mercury  covering  the  earth  around  and 
over  to  the  depth  of  30  inches,  and  that  tliis  very  snbtile  mass  is 
in  a  state  of  unstable  equilibrium,  and  in  perpetual  commotioi. 
by  reason  of  various  and  incessant  disturbing  causes ; — when  wo 
reflect  fartLer  upon  the  recent  discoveries  of  Schwabe  and  of 
Cjahine  concerning  the  spots  on  the  sun  and  the  magnetic  ele- 
ments of  the  earth,  which  show  that  if  the  snn  or  its  spots  be 
nut  the  great  fountain  of  magnetism,  there  is  at  least  reason  to 
a  close  alliance  between  solar  and  terrestrial  magnetism 

■that  certain  weU-known  meteorolt^ical  phenomena,  as  the 
>ra,  come  also  within  the  tntcgory  of  magnetic  phenomena ; 

-that  the  magnetic  poles  of  the  earth  and  the  pules  of  maximum 
cold  are  at  or  near  the  same  spot ; — that  the  theimal  equator  is 
not  parallel  to  or  coincident  with  either  ihe  terrestrial  or  with 
that  which  the  direct  solar  ray  would  indicate,  but  that  it  follows, 
and  iu  it8  double  curvatures  conforms  to  the  magnetic  equator  ; 
— moreover,  when  we  reflect  upon  Barlow's  theory  and  Fok'b 
olmervations,  which  go  to  show  that  the  direction  of  metallic 
vcinn  of  the  northern  hemisphere,  which  g  enerallj  lie  north-east 
and  souih-westwardly,  must  have  been  intiuenced  by  the  direc- 
tion of  the  magnetic  meridians  of  the  earth  or  air ; — finally,  1 
say,  when  we  reflect  upon  magnetism  in  all  its  aspects,  we  may 
irell  inquire  whether  such  a  mass  of  highly  magnetic  giis  as  that 
v^oh  surrounds  our  planet  does  not  intervene,  by  reason  of  its 
ilDBgnetisni,  in  tnflueoeing  the  circulation  of  the  atmosphere  and 
conree  of  the  winds. 

318.  The  needle  in  tie  diitnud  variatiime,  the  barwaeter  in  ite 
fvnj;*,  and  the  almoephere  tn  its  deetrieal  tension,  all  kave  the  eame 
for  their  maxima  and  mtnima. — This  magnetic  sea,  as  the 
^taiospbere  may  bo  called,  is  continually  agitated ;  it  is  dis- 
Snrbed  in  its  movements  by  various  influeucea  which  prevent  it 

im  adjusting  itself  to  any  permanent  magnetic  or  other  dy- 
licftl  status :  and  its  para-magnelio  properties  are  known  to 
with  every  change  of  pressure  or  of  temperature.     The' 

Iperimenia  of  Furada)-  show  that  the  magnetic  force  of  the  air 
th  temperature  ;  that  it  hi  least  near  the  cqiialnr,  and 


158     PHYSICAL  GEOonAPET  or  thb  bea,  mo  its  hetkoroloot. 

gipatest  at  l}ie  poles  of  maiimma  cold  ;  that  it  varies  with 
(ieasone,  and  changes  night  and  day  ;  nay,  the  atmosphent  has 
regular  vuiiatioiia  in  its  electrical  conditions  expressed  daily  ut 
statud  houre  of  nmsimum  and  minimum  tension.  Coincident 
with  this,  and  in  all  porta  of  the  world,  bnt  especially  in  sub- 
tropical latitudes,  the  baromeler  also  has  its  maxima  and  minima 
readings  foi  the  day.  tio  aieo,  and  at  the  same  hours,  the  needle 
attains  the  maxima  and  minima  of  its  diurnal  variatioue.  With- 
out other  lime-piece,  the  hour  of  the  day  may  be  told  by  those 
maxima  and  minima,  each  group  of  which  occurs  twice  a-day 
and  at  six-hour  intervals.  These  invisible  ebbinga  and  flowings 
— the  diurnal  change  in  tlie  electrical  tension — the  diurnal 
variation  of  the  needle, — and  the  diurnal  rising  and  falling  of 
the  barometer, — follow  each  other  aa  closely  and  ae  surely,  if 
not  quite  aa  regularlj-,  as  night  the  day.  Any  cause  whieU 
produces  changes  in  atmospberic  pressure  invariably  puta  it 
in  motion,  giving  rise  to  gentle  aire  or  furiona  gales,  according 
to'degree;  and  here,  at  least,  we  have  a  relation  ' 
movements  in  the  air  and  the  movements  of  the  needle  so  ol 
that  it  iti  diflicult  to  say  which  is  cause,  which  efieot,  or 
the  two  be  not  the  cficcta  of  a  common  eauso. 

349,  The  quettion  railed  by  modern  retearches. — Indeed,  8uoh 
the  nature  of  this  imponderable  called  magnetism,  and  euch  the 
suggestions  made  by  Faraday's  discoveries,  that  the  question  has 
been  raised  in  the  minds  iif  the  most  profound  philosophers  of 
the  age  whether  the  various  forces  of  light,  heat,  and  gravitation, 
of  chemical  afBnity,  electricity,  and  magnetism,  may  not  yet  be 
all  traocd  to  one  common  source.  Surely,  then,  it  cannot  be 
considered  as  unphilosophical  to  inquire  of  magnetism  for  somp 
of  the  anomalous  movements  that  are  observed  in  the  atmosphere. 
These  anomalies  are  many ;  they  are  not  confined  to  the  easting 
of  the  trade-winds ;  they  are  to  he  found  in  the  counter-trades 
and  the  calm  belts  also.  Qlicre  is  reason  to  believe,  as  has 
already  been  stated  (§  288),  that  there  is  a  crossing  of  the  winds 
at  the  calm  belts  (S  212),  and  it  was  promised  to  go  more  into 
detail  concerning  the  circumstances  which  seem  to  favour  this 
belie£  Our  researches  have  enabled  us,  for  instance,  to  trace 
from  the  belt  of  calms,  near  the  tropic  of  Cancer,  which  extends 
entirely  aoi'oss  the  seas,  an  efflux  of  air  both  to  the  north  and  to 
the  south.  From  the  south  side  of  this  belt  the  air  0i>wb  in  a 
■loady  brcose,    tailed   the  north-east  trade-winds,  towards  the 
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eqnntor  (PLile  I.)  ;  on  tUo  norlh  sido  of  it,  Lhe  prevailing  winda 
ti)me  frum  it  also,  but  tUey  go  towards  the  northeast.  Tbey  are 
the  well-known  westerly  winds  wliich  prevnil  lUong  the  ruuta 
from  this  country  to  England  in  the  ratio  of  two  to  one.  But 
why  should  ve  eupposo  a  ci'osaitig  tu  t^ke  place  here  7  We 
suppose  BO  from  tbuse  factii ;  because  throughout  Europe, — the 
Innd  npon  whiuh  these  weelerly  winds  blow, — precipitation  is 
in  excess  of  evaporation,  and  because  at  sea  they  are  going  I'roiu 
a  warmer  lo  a  colder  climate;  and  therefore  it  may  be  inferred 
thai  Nature  exacts  from  them  what  we  know  she  exacts  froia  the 
air  under  similar  circumstances,  hut  on  a  smaller  Kcale,  before 
our  eyes,  Tis.,  more  precipitation  tlion  evaporation.  In  oihei 
words,  they  probably  leave  in  the  Atlantic  as  much  vapour  aa 
they  take  up  from  the  Atlantic.  Then  where,  it  may  he  askedi 
does  the  vapour  which  these  winds  carry  along,  for  the  re- 
plenishing of  the  whole  extra-tropical  regions  of  the  north,  come 
from?  They  did  not  get  it  as  ihey  came  along  in  the  upper 
regions,  as  a  counter-current  to  the  north-eaat  trades,  unless  they 
evaporated  the  tiade-wind  clouds,  and  so  robbed  those  winds  of 
their  vapour.  They  cerlainly  did  not  got  it  from  the  surface  of 
the  sea  in  the  calm  belt  of  (.'ancer,  for  they  did  not  tarty  lonn 
enough  there  to  become  saturated  with  raoisture.  Thus  circum  - 
Etanoes  again  pointed  to  the  south-east  trade-wind  regions  as  the 
place  of  supply.  'Iliis  question  has  been  fully  discussed  in 
Chapter  V.,  where  it  has  been  shown  thoy  did  not  get  it  from 
llie  Atlantic.  Monsover,  these  researches  afforded  groimds  for 
the  supposition  that  the  air  of  which  the  north-east  trade-winds 
are  oompoeed,  and  which  comes  out  of  the  same  Kone  of  calms 
as  do  these  south -westerly  winds,  so  far  from  being  saturated 
with  vftpoui'  at  its  exodus,  is  dry;  for  near  their  polar  edge,  lhe 
nortli-eaet  trade-winds  are,  for  tiie  most  part,  dry  winds. 

350.  Wei  and  Ary  air  of  the  calm  belli. — Facts  seem  to  confinu 
this,  and  the  calm  bells  of  Cancer  and  Capricorn  both  throw  a 
fiood  of  light  upon  the  subject,  lliese  are  two  bands  of  light 
airs,  calms,  and  baffling  winds,  which  extend  entirely  around 
the  earth.  The  air  flows  out  north  and  south  from  these  belts. 
That  which  comes  out  on  the  equatorial  side  goes  to  feed  the 
trades,  aud  makes  a  dry  wind ;  that  whicli  flaws  out  on  the 
polar  side  goes  to  feed  the  counter-trades  (§  34(>),  and  is  a  rain' 
wind.  How  is  it  that  we  can  have  from  the  same  Irongh  or 
liver,  as  these  calm  belts  may  be  called,  an  effiux  of  dry  nir 


^^UOfi] 


160 


BYSICAL    OEOOBAPttr    OF   THB    SEA,    J 


agent  or 
■  we  Bol     I 


on  one  side  and  of  moist  on  the  other?  Answer:  upon  (te' 
aiipposition  that  the  air  without  rain  comes  from  one  quarter, 
that  with  rain  from  another — that,  coming  from  oppo(dt«  direc- 
tions to  this  place  of  meeting,  where  there  is  a  crossing,  they 
pass  each  other  in  their  circuits.  They  both  meet  here  as  appor 
currents,  and  how  could  there  be  a  crossing,  without  an  agent  or 
influenoe  to  guide  them  ?  and  wh}-  in  the  search  should  we^ 
look  to  magnetism  for  ihia  agent  as  well  as  to  an;  other  c 
hidden  influences  which  are  concerned  in  giving  to  the  1 
their  force  and  direction  ? 

351.  Principlet  arcording  to  tchieh  the  phyeical  taaehtnerj/  o/* 
planet  thoidd  be  ehidied.—He  that  established  the  earth  "  created 
it  not  in  vain ;  He  formed  it  to  be  inhabited."  And  it  is  pre- 
snniptuoiifi,  arrogant,  and  impious  to  atl^ajpt  the  study  of  ila 
machinery  upon  any  other  theory :  it  inai  made  to  he  tTAabited, 
How  could  it  be  inhabitable  but  for  the  sending  of  the  early  and 
the  latter  rain?  How  can  the  rain  be  sent  except  by  the  winds? 
and  bow  can  the  fickle  winds  do  their  errands  unless  they  have 
a  guide  ?  Suppose  a  new  piece  of  human  mechanism  were 
shown  to  one  of  ua,  and  we  were  told  the  object  of  it  was  to 
ueasure  time ;  now,  if  we  should  seek  to  examine  it  with  the 
view  to  understand  its  construction,  would  we  not  set  out  upon 
the  principle — the  theory — that  it  was  made  to  measure  time? 
By  proceeding  on  any  other  supposition  or  tbeory  wo  should  be 
infallibly  led  iuto  error.  And  so  it  is  with  the  physicaj 
machinery  of  the  world.  The  theory  upon  which  this  work  is 
conducted  is  that  the  emih  ictm  nifwJe  fcr  man ;  and  I  submit  that 
no  part  of  the  machinery  by  which  it  is  maintained  in  a  con- 
dition fit  for  him  ia  left  to  chance,  any  more  than  the  bit  of 
mechanism  by  which  man  measures  time  is  left  to  go  by  chanoft. 

352,  Division  into  tnnrf  bandt. — That  I  might  study  to  better 
advantage  the  workings  of  the  atmospherical  machinery  in 
certain  aspectB,  I  divided  the  sea  into  bunds  or  bells  5**  of 
latitude  in  breadth,  and  stretching  east  and  west  entirely  around 
the  earth,  but  skipping  over  tlio  land.  There  are  twelve  of 
these  bands  on  each  side  of  the  equator  that  are  traversed  more 
or  leas  frequently  by  our  fleet  of  observers ;  they  extend  to  the 
parallel  of  60°  in  each  hemisphere.  To  determine  the  force  and 
direction  of  the  wind  for  each  one  of  these  bands,  the  abstraot 
logs  were  examined  until  all  the  data  afiorded  by  I,159,&: 
ofaeervatioBa  were  obteined  ;  and  ihe  mean  direction  of  the  wiaj 
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for  each  of  ite  four  qnartere  in  every  baud  waa  Mcertjuned. 
Considering  difference  of  temperftlnre  between  tlieue  varioua 
bands  to  be  one  of  tbe  chief  caUBee  of  movement  in  the  ntmo- 
sphere, — that  the  extremes  on  one  hand  are  near  the  equator, 
and  on  the  other  aboTit  the  poles  ; — considering  that  the  tendency 
of  every  wind  (§  234)  is  to  blow  along  the  arc  of  a  great  circle. 
and  that  consequently  eveiy  wind  that  was  obBcrred  in  any  one 
of  these  bands  must  have  moved  in  a  path  crossing  these  bands 
more  or  leas  obliquely,  and  that  therefore  the  general  tnovements 
in  the  atmosphere  might  be  classed  accurdingly,  as  winds  either 
with  noiiking  or  with  touHiing  in  them;— we  have  bo  classed 
them ;  and  we  have  so  classed  them  that  we  might  study  to  more 
advantage  the  general  movements  of  the  great  atmogpheritial 
machinery.     See  Plate  XV. 

353.  The  medial  bands. — Thus,  when,  after  so  classing  them, 
we  come  to  examine  those  movements  in  the  band  between  5" 
and  10"  south,  and  to  contrast  them  with  the  movementfl  in  the 
band  between  55"  and  60°  south,  for  example,  we  find  the  general 
movements  to  be  exactly  in  opposite  directions.  Observations 
show  that  during  the  year  thff  ^Rnda  in  the  former  blow  touardt 
the  equator  283,  and  from  it  73  days  :  and  in  the  latter  they  blow 
toward  the  pole  for  224,  and  iiom  it  132  days.  These  facta  show 
tliat  there  must  be  a  place  of  rarefaction— of  low  barometer,  on 

liadraught  towards  the  poles  as  well  as  the  equator  ; — and  that 

lently,  also,  there  must  be  a  medial  line  or  band  some- 

6  between  the  parallela  of  10"  and  55"  south,  on  one  side  of 

'  which  the  prevailing  direction  of  the  wind  is  towards  the  equator, 
on  the  other  towards  the  pole.  So,  in  the  northern  hemisphere, 
the  same  series  of  observations  point  this  medial  band  out  to  us. 
They  show  that  one  is  near  the  calm  belt  of  Capricorn,  the  other 
near  the  calm  belt  of  Cancer,  and  that  they  both  probably  lie 
between  the  paralleU  of  !)5°  and  40°,  where  the  winds  north  and 
south  are  eqi:al,  as  per  table,  page  162. 

Tbe  wind  curves  (Plate  XV.  and  the  table)  afford  a  veiy 
striking  view  of  these  medial  bands,  as  the  parallels  in  either 
hemisphere  between  whjoh  the  winds  with  northing  and  the 
winds  with  southing  are  on  ihe  yearly  average  exauily  equal. 
In  the  northern  hemisphere  the  debatable  ground  appears  by  the 
table  to  extend  pretty  nearly  from  25°  to  50°  N,  By  the  plate 
Ihe  two  winds  first  become  equal  between  25"  and  30°  ;  the  two 

tearves  then  recede  and  approach  very  closely  again,  butwithtial 
■ 
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crossing,  between  35°  and  40°,  ^  the  aouthern  hemisphere,  the 
oonfliot  between  the  polar  and  equatorial  indraught,  as  expressed 
by  wiods  with  southing  and  winds  with  northing,  is  more  de- 
cided. There  the  two  curves  march,  one  up,  the  other  duwu, 
and  cross  between  the  parallels  of  35°  and  40°  S.,  thus  confirming 
what  from  other  data  we  had  abeudy  leumed,  viz.,  that  the  OOO- 
flitien  of  the  atmosphere  is  more  unstable  in  the  northern  than 
it  is  in  the  southern  hemisphere. 

354.  ITie  rairdeas  regiong  and  the  ealmbellji. — Such, for  the  winds 
ut  sea,  is  their  diiitribution  between  the  two  halves  of  the  horizon 
iu  the  several  bands  and  in  each  hemisphere.  Supposing  a  lika 
distribution  to  obtain  on  shore,  wo  shall  find  it  suggestive  t(t 
trace  the  calm  belts  of  the  tropics  across  the  continents  (Plate 
VIII.),  and  to  examine,  in  coonection  with  them,  the  raioleu 
regions  of  the  earth,  and  those  districts  of  eountry  which,  thotiglt 
not  rainless,  are  nevertheless  considered  as  "  dry  countiiea,"  by 
I'eason  of  the  small  amount  of  precipitation  upon  them.  So, 
tracing  the  calm  belt  of  Cancer,  which  at  sea  lies  hotween  the 
parallels  of  29°  and  37°  (Plato  Vlll.),  but  which,  according  to 
Sir  John  HerHchuI,*  reaches  higher  latitudes  on  shore,  it  will  bo 
IMjrooived  tliat  Ihe  winds  Urnt  flow  out  on  the  north  sjdo  bluw 
*  J  273,  p.  611,  vol.  ztU.  (Phjs.  (leog.),  Ena]rclopiBdia  firilaniiiBh 
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Ker  countries  abouoding  in  rivers,  'which  coiintrioB  are  therefore 
oudautly  supplied  with  rains.  Hence  we  infer  (|  350)  thai 
uiose  winds  are  rain  winds.  On  the  other  hand,  the  wind!*  that 
flow  ont  on  the  equatorial  side  blow  either  uver  deserts,  luinless 
legions,  or  dry  countries.  Hence  we  infer  ihat  these  winds 
are  dry  winds.  These  "  dry  "  winds  traverse  a  countiy  ahonnct 
ing  in  springs  and  rivers  in  India,  but  it  is  the  monsoons  there 
which  bring  the  water  for  them.  The  winds  which  come  out  of 
this  calm  belt  on  its  equatorial  side  give  oat  no  moisture,  except 
(Ls  dew,  until  they  reach  the  sea,  and  are  replenished  with  vapour 
thence  in  snfBoient  quantities  to  make  rain  of;  whereas  the 
winds  which  come  out  on  the  polar  side  leave  moisture  enough 
as  they  come  for  such  rivers  as  the  Obi,  the  Yenisei,  the  Lena, 
and  the  Amuot,  iu  Asia;  the  Slissouri,  the  Sascatcbawon,  the 
Red  liiver  of  the  North,  and  others,  in  America.  Between  this  . 
calm  belt  and  the  head  waters  of  these  riVers  there  are  no  t^eaa  or 
other  evaporating  surfaces,  neither  are  they  so  situiiled  with 
regard  to  the  sea-coast  that  they  may  be.  as  the  Ehores  of  Earitein 
China  and  the  Atlantic  slopes  of  the  United  States  ore,  supplied 
with  vapour  by  the  winds  from  the  sea-board.  When  we  con- 
sider the  table  (§  ^53).  the  situation  of  the  rainless  regions  and 
dry  coimtries  with  regard  to  the  calm  1*U  of  Cancer,  we  are 
compelled  to  admit  that,  come  whence  it  may  and  by  what 
I  j^umela  it  may.  there  are  flowing  out  of  this  calm  belt  two  kinds 

air,  one  well  charged  with  moisture,  the  other  diy  and  thirsty 

a  degree. 
.    855.  3%fl  theory  of  the  (rotgiagi  restated,  and  the  fad»  reconciled 
— The  suppoaition  that  the  dry  air  came  from  the  north  and 

e  moist  from  the  south,  and  both  as  an  upper  current,  is  the 
ply  hypothesis  that  is  consistent  with  all  the  known  lacts  of 
tase.  The  dry  air  gave  up  all  its  moisture  when,  as  a  surface 
1,  it  played  Mpon  iho  itozon  summits  of  the  northern  hills  ; 
Bie  wet  obtained  its  moisture  when,  us  the  south-east  trade- 
winds,  it  swept  across  the  bosom  of  intertropical  seas  of  tlie 
southern  hemisphere,  liising  up  at  the  equator,  it  did  not  leave 
all  its  moisture  with  the  cloud-ring,  but,  retaining  a  part,  c'on- 
veycd  it  through  the  cloud  region,  above  the  north-east  tiitdes, 
to  this  calm  belt,  where  there  was  a  descent  and  a  crossing. 
The  fact  (hat  these  dry  pla(»,-s  aro  all  within  or  on  the  equatorial 
eidfi  of  this  calm  belt,  wbile  countries  abounding  with  rains  and 

kvell  wateied  with  ninnieg  streams  are  to  be  found  all  along  il 
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polar  side,  is  clearly  indicative  of  a  croseiiig.  Upcm  no  other 
Eupposition  can  we  acconnt  for  the  barraiineSB  on  one  side,  die 
fertility  on  the  other.  The  following  are  also  links  in  the  chain 
of  facts  and  oircnmBtances  which  give  strength  to  the  supposition 
that  the  rajna  fur  the  Lena  and  the  Misaonri  are  brought  across 
the  calm  beltof  Cancer  by  those  currents  of  air  which  flow  thence 
towards  the  pole  aa  the  prevailing  counter-trades  or  souih- 
westarly  winds  of  the  estra-tropical  north.  We  have  already 
<*een  (§  363)  that,  on  the  north  side  of  this  calm  zone  of  Cancer, 
ihe  prevailing  winds  on  the  surface  are  from  this  zone  toTrards 
the  pole,  and  (Plate  I.,  S  215)  that  these  winds  return  as  A  BC 
through  the  upper  regions  from  the  polo ;  that,  arriving  at  the 
calmH  of  Cancer,  this  upper  current,  ABC,  meets  another  appar 
ciKTent,  S  R,  from  the  equator,  where  they  neutralize  each  other, 
produce  a  calm,  descend,  and  come  out  as  surface  winds,  D  E,  or 
the  trade-winds ;  and  a*s  T  U,  or  the  counter- trades.  Now  ob- 
Hervations  have  shown  that  the  winds  represented  by  T  U  are 
rain  winds ;  those  represented  by  D  E,  dry  winds ;  and  it  is 
evident  that  ABC  could  not  bring  any  vapours  to  these  oalniB 
to  serve  for  T  U  to  make  lainH  of;  for  the  winds  represented  by 
ABC  have  already  performed  the  circuit  of  sur&oo  winds  aa  far 
as  the  pole,  during  which  journey  they  parted  with  all  th6ir 
moisture,  and,  returning  through  the  upper  regions  of  the  air  to 
the  calm  belt  of  Cancer,  they  arrived  there  as  dry  winds.  Th» 
winds  represented  by  D  E  are  dry  winds  ;  therefore  it  was  «up- 
poxed  that  these  are,  for  the  most  part,  but  a  continuation  of  tho 
winds  ABC.  On  the  other  hand,  if  the  winds  A  B  ('.,  after 
descending,  do  turn  about  and  become  the  surface  winds  T  C, 
they  would  first  have  to  remEiin  a  long  time  iu  contact  with  the 
sea,  in  order  to  be  supplied  with  vapour  enough  to  feed  the  great 
rivers,  and  supply  the  rains  for  the  whole  earth  between  ns  and 
the  north  pole.  In  this  case,  we  should  have  an  evapoi'ati&g 
region  at  sea  and  a  rainless  region  ashore  on  the  north  as  'well  aa 
on  the  south  side  of  this  zone  of  (dancer  ;  but  investigation  Hhows 
no  such  region.  Hence  it  was  inferred  that  B  C  and  B  S  dlo 
come  out  on  the  surface  as  represented  by  Plate  I.  But  what  n 
the  agent  that  should  leud  them  out  by  such  opposite  paUu? 
According  to  thismodeof  reasoning,  the  vapours  which  supply  tha 
rains  for  T  U  would  be  taken  up  in  the  south-east  trade-'wiud 
region  by  O  Q,  and  conveyed  thence  along  the  route  Q  R  8  to  T. 
And  if  this  mode  of  reasoning  be  admitted  as  plausible — if  it  be 
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e  that  R  S  oany  ihe  -vapour  which,  by  condeusation,  ia  to  water 
thowers  tbi)  entm-tropicai  regions  of  the  northom  hemi- 
lere.  Nature,  we  may  be  siire,  ha«  proTided  a  guide  for  con- 
g  S  T  across  this  belt  of  oaims.  and  fur  sending  it  on  in  the 
igbt  way.  Here  it  was,  then,  at  this  crosBing  of  the  winds,  that 
■  I  thought  I  firet  saw  the  footprints  of  an  agent  whose  character  I 
uould  not  comprehend.  Can  it  be  the  magnetism  that  resides  in 
the  oxygen  of  the  air  ?  Heat  and  cold,  the  early  and  the  latter 
rain,  clouds  and  sunshiue,  ate  sot,  vie  may  rely  upon  it,  distributed 
over  the  earth,  hy  chance ;  they  nre  distributed  in  obedience  to 
laws  that  are  aa  certain  and  as  sure  in  their  operations  as  the 
seasons  in  their  rounds.  If  it  depended  upon  chance  whether  the 
dry  air  should  come  out  on  this  mde  or  on  that  of  thia  calm  belt,  or 
whether  the  moist  air  should  return  or  not  whence  it  came — if  such 
were  the  case  in  nature,  we  perceiTe  thai,  so  farfcom  any  regularity 
as  to  seasons,  we  should  have,  or  might  have,  years  of  drought  the 
most  excessive,  and  then  again  seasons  of  rains  the  most  destruc- 
tive; but,  so  far  from  this,  we  £ud  for  each  place  a  mean  annual 
proportion  of  both,  and  that  so  regulated  withal,  that  year  after 
year  the  quantity  is  preserved  with  remarkable  regularity. 
Having  thus  shown  that  there  is  no  reason  for  supposing  that 
the  upper  currents  of  air,  when  they  meet  over  the  calms  of 
Cancer  and  Capricorn,  are  turned  bact  to  the  equator,  but 
having  shown  that  there  is  reason  for  supposing  that  the  air  of 
each  mrrent,  after  descending,  continues  on  in  the  direction 
towards  which  it  was  travelling  before  it  descended,  we  may  go 
farther,  and,  by  a  similar  train  of  circumstantial  evidence, 
afforded  by  these  researches  and  other  sources  of  information, 
show  that  the  air,  kept  in  motion  on  the  surface  by  the  two 
systems  of  tiade-winds,  when  it  arrives  at  the  belt  of  equatorial 
calms  an<l  ascends,  continues  on  thence,  each  current  towards 
the  pole  which  it  was  approaching  while  on  the  surface.  In  a 
problem  like  this,  demonstration  in  the  positive  way  ie  difficult. 
iT  not  impossible.  We  must  rely  for  our  proof  upon  philo- 
-  ;<iiica]  deduction,  guided  hy  the  lights  of  reason ;  and  in  all 
i.i.-es  in  which  positive  proof  cannot  be  adduced,  it  is  purmitted 
lo  bring  in  oiroumstantial  evidence ;  and  the  circitmslAulial 
evidenou  afforded  by  my  investigations  goes  to  show  that  the 
winds  represented  by  0  Q,  §  215,  do  become  those  represented 
by  It  S  T  U  V  A,  and  A  B  C  D  E  F  respectively.  In  the  fiist 
place,  0  Q  represents  the  soiith-east  trade-windu — i.  e.,  ii\  "Cwi 
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winds  of  the  eouthera  hemiBpIiere  as  they  spproach  the  equator; 
and  ie  there  any  reaaon  for  eiipposing  that  ihe  ntmosphere  doM 
not  pass  ffeoiy  frnm  one  kemJ^pbeTe  to  anoihor?  On  the  con- 
trary, many  reasons  preBont  tJiemeelves  f<ir  Enpposing  that  it 
does,  ir  it  did  not.  the  proportion  of  land  and  water,  and 
consequently  of  plants  and  warm-blooded  animals,  being  m 
diflerenLin  the  two  hemiBpheres,  we  might  imagine  that  the  con- 
Btitnenta  of  the  atmosphere  in  them  would,  in  the  course  of  ages, 
probably  become  different  also,  and  that  consequently,  in  eucb 
a  case,  man  could  not  safely  pass  from  one  hemiisphere  to  tha 
other.  Consider  the  manifold  beauties  in  the  whole  Eastern  of 
terrcfitrial  adaptations ;  remember  what  a  perfect  and  wondetfiil 
machine  (§  268)  ia  this  atmosphere;  how  esqnJEilely  balanoftd 
and  beautifully  compensated  it  ia  in  all  its  parts.  We  know 
that  it  is  perfect ;  that  in  the  perfonnance  of  its  ■varions  offiosi 
it  is  never  left  to  the  guidance  of  chance — no,  not  fur  a  moment. 
Wherefore  I  was  led  to  ask  myself  why  the  air  of  the  south.^ort 
trades,  when  arrived  at  the  Tone  of  equatorial  oalmt^,  should  not, 
after  ascending,  rather  return  to  the  south  than  go  on  to  the 
north  ?  Where  and  what  is  the  agency  by  which  its  couisa  is 
decided  ?  Here  1  found  circumstances  which  again  induced  s» 
to  snppoEe  it  probable  that  it  neither  turned  hack  to  the  aoatll 
nor  mingled  with  the  air  which  came  irom  the  regions  of  the 
north-east  trades,  ascended,  and  then  flowed  indibcriminatoly  to 
the  north  or  Iho  south.  But  I  saw  reasons  for  supposing  that 
what  came  to  the  equatorial  calms  as  the  south-east  trade-winds 
continued  to  the  north  as  an  upper  cuiTent,  and  that  what  bad 
come  to  the  same  zone  as  north-east  trade-vrinds  ascended  and 
continued  over  into  the  southern  hemisphere  aa  an  upper  current, 
bound  for  the  calm  zone  of  C'aprioorn.  Anil  these  are  the  prin- 
cipal reasons  and  conjectures  upon  which  these  suppositiaui 
wore  based :  At  the  seasons  of  the  year  when  the  area  covcnd 
by  the  south-east  trade-winds  is  large,  and  when  they  us 
evaporating  most  rapidly  in  the  southern  hemii^ptere,  eiven  xm 
to  the  equator,  the  most  rain  is  falling  in  the  northern.  Tberft- 
fore  it  is  fair  to  truppotie  that  much  of  the  vapour  which  is  takea 
np  on  that  side  of  the  equator  is  precipitated  on  this.  Tin 
evaporating  surface  in  the  Boiithcm  hemisphere  ia  greater,  mncb 
greater,  tlian  it  is  in  the  northern  ;  still,  all  the  great  riven  n« 
in  the  northern  hemisphere,  the  Amazon  being  regarded  M 
:i  to  both  ;  anil  this  tact,  as  far  as  it  goes,  tends  to  cottd* 
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^^^natoHnl  calms.  Taking  the  laws  and  rates  of  evaporation  itilo 
^^^n*i<lerntitii>.  I  could  find  (t'hapter  V.)  no  part  of  the  ocean  of 
lh<>  nortLem  hemispliero  from  which  the  eources  of  the  MissisHippi, 
the  St,  Lawrence,  and  the  otlier  great  rivers  of  our  hemisphere 
oould  be  snpplied.  A  regular  series  of  meleorolt^cal  obaer- 
vations  has  been  carried  on  at  the  military  posts  of  the  United 
States  since  I81il.  Kain  maps  of  the  whole  country*  have  been 
prepared  from  these  obHerratioDs  bj'  Mr.  Lorin  Blodget  at  the 
tiui^eon-General's  ofBoe,  and  under  the  direction  of  Dr.  Cool- 
edge,  U.S.A.  These  maps,  as  far  as  they  go,  sustain  these  views 
in  a  remarkable  manner,  for  they  bring  ont  facta  in  a  moet 
striking  way  to  show  that  the  dry  season  in  California  and 
Oregon  is  the  wet  season  in  the  Alississippi  Valley.  The  winds 
cotaing  from  the  sontb-west,  and  striking  upon  the  coast  of 
California  and  Oregon  in  winter,  precipitate  there  copionsly, 
^^Xhey  then  pass  over  the  mounlaina  robbed  in  part  of  iheir 
^^piQUture.  Of  couDie.  after  watering  the  Pacific  shores,  they 
^P^BTe  not  as  much  vapour  to  make  rains  of,  specially  for  the 
Upper  Mississippi  Valley,  as  they  had  in  the  summer-time,  when 
they  dispensed  their  moistnro,  in  the  shape  of  rains,  most 
sparingly  upon  the  Pacific  corsIa.  According  to  these  views, 
the  dry  season  on  the  Pacific  slopes  should  be  the  wet,  especially 
in  the  upper  Mississippi  Valley,  and  vice  eered.  Blodgct's  mapR 
show  that  such  is  actually  the  case.  Meteorological  observations 
in  the  '•Red  River  country"  and  other  parts  of  British  America 
wonJd  throw  farther  light  and  give  farther  confirmation,  1  donbt 
not,  both  to  these  views  and  to  this  interesting  question.  These 
army  observations,  as  expressed  in  Blodget'e  maps,  reveal  other 
interesting  features,  also,  touching  the  physical  geography  of 
the  countiy.  I  allnde  to  the  two  isothermal  lines  46°  and  65° 
(Plate  Vljr.),  which  include  between  them  all  places  that  have 
a  mean  annual  temperature  between  45°  and  <:5°.  I  have  drawn, 
for  the  soke  of  comparison,  similar  lines  on  the  authority  of 
Dove  and  .lohnstfin  (A.  K.,  of  Edinburgh),  across  Eurojio  and 
Aaitt.  The  isotherm  of  65°  skirts  the  northern  liratls  of  the 
engar-oaue,  and  seimnttes  the  intertropical  from  the  extm-tropical 
plant*  and  productions.  I  have  drawn  these  two  lines  ncroaa 
America  in  order  to  give  a  practiciil  eienipliflcation  of  the  nature 
of  the  aiU-antages  which  the  indnstrinl  purBuits  and  tlie  [loliHcal 
BLjl^  •  Hee  Anny  Mpti-urologtcol  Ol-Bervnlioiis,  pnbliBlitd  \%&5- 
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economy  of  the  conntry  wnuH  derive  by  the  systematic  extension 
'  of  our  meteorological  ofaservationB  from  the  sea  to  the  land. 
These  lines  show  how  much  we  err  when  we  reckon  climates 
according  to  parallels  of  latitude.  The  space  that  theso  two 
isothenns  of  45°  and  65°  comprehend  between  the  Mississippi 
and  the  Bouky  Mountuins,  owing  to  the  Bingular  efi'ect  of  tboM 
moiiutains  upon  the  climate,  is  lai^or  than  the  space  thej 
comprehend  between  the  Missiesippi  and  the  AlJimtic.  Hyeto- 
grapbicallj  it  is  also  different,  being  dryer,  and  poesessiiig  i 
purer  atmosphere.  In  this  grand  range  of  climate  be1;ween  tlia 
meridians  of  100°  and  110°  W.,  the  amonnt  of  precipitation  is 
just  about  one-half  of  what  it  is  between  those  two  isothenns 
oast  of  the  MisBiteippi.  In  this  new  coimtry  west  of  it,  wint«T 
is  the  dry,  aod  spring  the  rainy  season.  It  includes  the  climates 
of  the  Caspian  Hea.,  which  Humboldt  regards  as  the  moat  skIh- 
brious  in  the  world,  and  where  he  found  the  most  delicioiu 
fruits  that  he  saw  during  his  travels.  Such  waa  the  purity  of 
the  air  there,  that  poliahed  elael  would  not  tamiah  eren  by  night 
exposure.  These  two  isotherms,  with  the  romavkahle  loop 
vvhioh  they  make  to  tho  north-west,  beyond  the  Mississippi, 
eaibi-aoe  the  most  choice  climates  for  tho  olivo,  the  vino,  and 
the  poppy ;  for  the  melon,  the  peach,  and  almond.  The  finest 
of  wool  may  be  grown  there;  and  ihe  potato,  with  hemp, 
tobacco,  maize,  and  all  the  cereals,  may  be  cultivated  there  in 
great  perfection.  Ko  climate  of  the  temperate  zone  will  be 
found  to  surpass  in  aalubrity  that  of  this  Piedmont  trans-Mis- 
sissippi country.  The  calm  zone  of  Capriconi  is  the  duplicate 
of  that  of  Cancer,  and  the  winds  flow  from  it  as  they  do  from 
that,  both  north  and  south,  but  with  this  difference  :  that  on 
tho  polar  aide  of  the  Capricorn  belt  they  prevail  from  the  north- 
west instead  of  the  south-west,  aud  on  the  equatorial  side  from 
the  eouth-eoet  instead  of  the  north-east.  Now  if  it  be  true  tJiat 
the  vapour  of  the  north-east  trude-winds  is  condensed  in  iha 
oxtra-tropioal  regions  of  the  southern  hemisphere,  the  following 
path,  on  account  of  the  effect  of  dinmal  rotation  of  the  eutb 
upon  the  course  of  the  winds,  would  represent  the  moan  oirooit 
of  a  portion  of  ths  atmosphere  moving  according  to  tho  genenl 
system  of  ila  circulation  over  the  Pacific  Ocean,  vii. :  coming 
down  from  the  north  as  an  upper  current,  and  appearing  on  th6 
Kurface  of  the  earth  in  about  longitude  120'^  west,  aud  near  th6 
ti'opic  of  Cancer,  it  would  here  oommence  to  blow  tho  i 
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le-winds  of  that  region.  To  make  this  clear,  see  Plate  VII., 
whicli  I  have  marked  the  ooarae  of  such  vapour-bearing 
winds ;  A  being  a  breadth  or  tiealh  of  wiads  in  the  north-CMt 
tnides ;  B,  the  same  n-iod  as  the  tipper  and  counler'Cnrrent  to 
the  sonth-east  tJ'adeB ;  and  C,  the  eajne  'wind  after  it  baa  de- 
■cended  in  the  calm  belt  of  Capricorn,  and  come  out  on  the 
polar  tide  thereof,  as  the  rain  winds  and  prevailing  north-weit 
winde  of  the  extra-tropiosl  regions  of  the  southern  hemisphere. 
This,  as  the  north-east  trades,  is  the  evaporating  wind.  As  the 
noTlhreast  trnde-wind,  it  sweeps  over  a  great  waste  of  waters 
l^ing  between  the  tropic  of  Cancer  and  the  equator.  Meeting  no 
land  in  this  long  oblique  track  over  the  tepid  waters  of  a  tropical 
Bea,  it  would,  if  snch  were  its  ronte,  arrive  Bomewhere  about  the 
meridian  of  140"  or  150°  west,  at  the  belt  of  equatorial  calms, 
which  always  divides  the  north-east  from  the  flouth-eaet  trade' 
winds.  Here,  deposittng  a  portion  of  its  vapour  as  it  ascends, 
it  would,  with  the  residuum,  take,  on  account  of  diuma!  rotation, 
•  oonrse  in  the  upper  region  of  the  atmosphere  to  the  eouth-eaat, 
u  &r  as  the  calms  of  Capricorn.  Here  it  descends  and  continnee 
OD  towards  the  coa^  of  South  America,  in  the  same  direction, 
^spearing  now  as  the  prevailing  north-west  wind  of  the  extra- 
tn^ical  regions  of  the  southern  hemisphere,  TraveUing  on 
the  snrfaoe  from  warmer  to  colder  regions,  it  must,  in  this  part 
of  ita  circuit,  precipitate  more  than  it  evaporates.  Now  it  is  a 
coiiicidenc«,  at  Uati,  that  this  is  the  route  by  which,  on  account 
of  the  land  in  the  northern  hemisphere,  tbe  nonh-east  trade- 
winds  have  tbe  fairest  sweep  over  that  ocean.  This  is  the  route 
by  which  thej'  are  longest  in  contact  with  an  evaporating 
flor&ce ;  the  route  by  which  all  circuiustances  are  most  favour- 
able to  complete  saturation  ;  and  this  is  the  route  hy  which  they 
out  pass  over  into  the  southern  hcmisphei'e  most  heavily  ladtii 
with  vapours  for  ihe  eitra-tropical  regions  of  that  half  of  lh» 
globe ;  and  tfaia  is  the  supposed  route  which  the  north-east 
trade-winds  of  tbe  I'acific  take  to  reach  tbe  equator  and  lo  pan 
from  it.  Accordingly,  if  this  process  of  reasoning  be  good,  that 
pofticm  of  South  America  between  the  calms  of  Capricorn  and 
Cape  Horn,  upon  the  mountain  ranges  of  which  ibis  part  of  the 
Ktinoaphere,  whose  circuit  I  am  considering  as  type,  first  im- 
pinge*, ought  to  be  a  region  of  copious  precipitation.  Now  let 
aa  turn  to  the  works  on  Physical  Geography,  and  see  what  we 
m  find  upon  this  subject.     In  Dorghaus  and  Johnston — depart- 
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ment  Hyetography — it  is  stated,  on  the  autLority  of  Capt>H» 
EiDg,  R.N.,  that  upwards  of  twelve  feet  (one  hundred  and  fifty- 
three  inohee)  of  ruin  fell  in  forty-one  days  on  that  part  of  tlie 
coast  of  Patagonia  which  lies  witbiu  the  sweep  of  the  winds  just 
dettcribed.  So  much  rain  falls  there,  navigators  say,  that  tliey 
Bometiuies  find  tho  water  on  the  top  of  the  eea  fresh  and  sweeL 
After  impingiiig  upon  the  cold  hill-tops  of  the  Patagonian  coast, 
and  passing  the  snow-clad  Gtimmits  of  the  Andes,  thin  Eama 
wind  tumbles  down  upon  the  eaetem  slopes  of  the  ranges  ae  8 
dry  wind ;  as  such,  it  traverses  the  almost  minless  and  barren 
regions  of  cis- Andean  Patagonia  and  South  Buenos  Ayrea,  Plate 
VlII.  These  conditions,  the  direction  of  the  prevailing  winds, 
and  the  amount  of  precipitation,  may  be  regai'ded  as  evidence 
afforded  by  nature,  if  not  in  favour  of,  certainly  not  against,  tha 
conjecture  that  such  may  have  been  the  voyage  of  tiiis  vapour 
through  the  air.  At  any  rate,  here  is  proof  of  the  immenea 
quantity  of  vapour  which  these  winds  of  the  extra-tropical 
regiouB  carry  along  with  tbem  towards  the  poles ;  and  I  CMi 
im^ne  no  other  place  than  that  suggested,  whence  these  winda 
could  get  BO  much  vapour. 

356-  Thequeiition,Sou)  can  liBO  airrenti  o/air  CToigf  antaered. — 
Notwithstanding  the  amount  of  circumstantial  evidence  that  has 
already  been  brought  to  show  that  the  air  which  the  north-east 
and  the  south-east  trade-winds  discharge  into  the  belts  of  eqnor 
torial  calms,  does,  in  ascending,  cross— that  from  the  southem 
passing  over  into  the  northern,  and  tjiat  from  the  northern  pass- 
ing over  into  the  southern  hemisjiLore  (see  O  Q  B  S,  and 
D  E  F  G,  §  215)— yet  some  have  implied  doubt  by  asting  fhe 
question,  "  How  are  two  such  currents  of  air  to  pass  each 
other?"  And,  for  the  want  of  light  upon  this  point,  the  oor- 
reotnosa  of  my  reasoning,  facts,  inferences,  and  deductions  haa 
been  questioned.  In  the  first  place,  it  may  be  said  in  reply,  dia 
belt  of  equatorial  calms  is  often  eeveral  hundred  miles  aoroas, 
seldom  less  iJian  sixty  ;  whereas  the  depth  of  the  volume  of  air 
that  the  trade-winds  pour  into  it  is  only  about  three  mUes,  for 
that  ia  supposed  to  be  about  the  height  to  which  the  trade-wind* 
extend.  l"huB  we  have  the  air  passing  into  these  calms  by  an 
opening  on  the  north  side  for  the  north-east  trades,  and  another 
on  the  south  for  the  south-cast  trades,  having  a  cross  soction  of 
three  miles  vertically  to  each  opening.  It  then  escapes  by  an 
opening  upward,  the  cross  section  of  which  is  six^  or  one  Intk- 
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of  trade-winds,  with  their  motion  of  twenty 
bovr,  can  pour  it  in ;  and  that  etartU  or  flaies  of  air  can  readily 
croM  each  other  and  pass  in  different  directiona  without  inter- 
fering the  one  with  the  other,  or  at  least  without  interfering  to 
that  degree  which  prevents,  we  all  know.     The  brown  fields  in 
summer  afford  evidence  in  a  etrikin^  manner  of  the  fact  that,  in 
nature,  flakes,  or  Btreamlets,  or  curdles  of  air  do  really  move 
long  each  other  without  obstmction.    That  treranlonH  motion 
often  observe  above  fitubble-fields,  barren  wastes,  or 
ive  any  heated  surface,  is  caused  by  the  ascent  and  descent,  at 
and  the  same  time,  of  flakes  of  air  at  different  temperatures, 
cool  coming  down,  the  warm  going  up.    They  do  not  readily 
.ingle,  for  the  astronomer  long  after  nightfiiU,  when  ho 
his  telescope  upon  the  heavens,  perceives  and  laments  the 
meteadiiieBB  they  produce  in  the  eky.     If  the  air  brought  to  the 
calm  belt  by  the  north-east  trade-winds  differ  in  temperature 
(and  why  not?)  from  that  brought  by  the  south-east  trades,  wo 
the  authority  of  nature  for  saying  that  the  two  currents 
luld  not  readily  commingle  (§  98).     Proof  is  daily  afforded 
it  they  would  not,  and  there  is  reason  to  believe  that  the  air 
each  current,  in  streaks,  or  patches,  or  Jlakes,  does  thread  its 
ly  through  the  air  of  the  other  without  difficulty.     Therefore 
'we  may  assume  it  as  a  postulate  which  nature  concedes,  that  thero 
is  no  physical  difficulty  as  to  tlie  two  currents  of  air,  which  oomo 
into  those  calm  belts  from  different  directions,  crossing  over, 
each  in  its  proper  direction,  withont  mingling. 

357.  The  rain  mitdt  in  the  MiMigsijipi  VaUey. — The  same  pro- 
ig  which  conducted  us  (§  355)  into  the  trade-wind 
of  the  northern  hemisphere  for  the  sources  of  the  Pata- 
rains,  now  invites  us  into  the  trade-wind  regions  of  the 
ith  Pacific  Ocean  to  look  for  the  vapour  springs  of  the  Hissia- 
If  the  rain  winds  of  the  Mississippi  Valley  come  from 
eaat,  then  we  should  have  reason  to   suppose  that  their 
ivere  taken  up  from   the   Atlantic   Ocean    and   Gulf 
,f  the  rain  winds  come  from  the  eoiilh,  then  the  vapour 
springe  might,  perhaps,  be  in  the  Gulf  of  Mexico  ;  if  the  rain 
winds  come  from  the  north,  then  the  great  lakes  might  be  snp- 
posed  to  feed  the  air  with  nioisluro  for  Ihu  fountains  of  that 
bnt  if  the  ruins  come  from  the  west,  where,  short  of  tho 
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great  Pacific  Ooean,  should  we  look  for  the  place  of  BTaporation? 
Wonderiog  where,  I  addressed  a  circular  letter  to  farmers  and 

planters  of  the  Mississippi  Valley,  reqiiesting  to  be  informed  as 
to  the  direction  of  their  rain  winds.  I  received  replies  from 
Virginia,  Mississippi,  Tennessee,  Missouri,  Indiana,  and  Ohio; 
and  subsequently,  from  Colonel  W.  A.  Bird,  Buflfalo,  New  York, 
who  says,  "  The  south-west  winds  are  our  fair-weather  winda ; 
we  seldom  have  rain  from  the  south-west."  Buffalo  may  get 
mach  of  its  rain  from  the  Gulf  Stream  with  easterly  wincU. 
But  I  speak  of  the  Mississippi  Valley;  all  the  respondents  there, 
with  the  exception  of  one  in  Missouri,  said,  "  The  south-weat 
winds  bring  us  our  rains."  These  winds  certainly  cannot  get 
their  vapours  from  the  Bocky  Mountains,  nor  from  the  Salt  Lake, 
for  they  rain  quite  as  much  upon  that  basin  as  tbey  evaporate 
fr«m  it  again ;  if  they  did  not,  they  would  in  the  process  of  tune 
haTO  evaporated  all  the  water  there,  and  the  lake  would  now  be 
dry.  These  winds,  that  feed  the  sources  of  the  Mississippi  with 
rain,  like  those  between  the  same  parallels  upon  the  ocean,  are 
going  from  a  higher  to  a  lower  temperature;  and  the  winds  in 
the  MissitiBippi  Valley,  not  being  in  contact  with  the  ocean,  or 
witt  any  other  evaporating  surface  to  supply  them  with  moisture, 
must  bring  with  them  fr^im  some  sea  or  another  that  which  they 
deposit.  Therefore,  though  it  may  be  urged,  inasmuch  as  the 
winds  which  brought  the  rains  to  Patagonia  (§  355)  came  direct 
from  the  sea,  that  tbey  therefore  took  up  their  vapours  as  they 
came  along,  yet  it  cannot  be  so  urged  in  this  case  ;  and  if  these 
winds  could  pass  with  theii  vapours  from  the  equatorial  calms 
through  the  upper  regions  of  the  atmosphere  to  the  oalma  of  Can- 
cer, and  then  as  surface  winds  into  the  Mississippi  Volley,  it  was 
not  p^rceivedwhythePat^loman  rain  wiudsshould  not  bring  their 
moisture  by  a  similar  route.  These  last  are  from  the  north-weet, 
from  warmer  to  colder  latitudes;  therefore,  being  once  chai;ged 
with  vapours,  they  must  precipitate  as  they  go,  and  take  up  iam 
moisture  than  they  deposit.  The  circumstance  that  the  rainy 
season  in  the  Mississippi  Valley  (§  355)  alternates  with  the  dty 
season  on  the  ooast  of  California  and  Oregon,  indicat«s  that  the 
two  regions  deiive  vapour  for  their  rains  from  the  same  fountains. 
368.  Ehrt^frg  and  Am  microtcope. — During  the  discuawon  on 
this  subject,  my  friend  Baron  von  Gerolt,  the  PruBsian  ministor, 
hod  the  kindness  to  jiiace  in  my  hand  Ehronberg's  work» 
"  Passat-Staub  und  Blut-liegen."     Here  T  found  another 
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lending  across  the  calm  places.  That  celebrated  microecopist 
reports  tliat  be  found  Soath  American  infusoria  in  the  blood- 
rains  tmd  eea-duEt  of  the  Cape  Verd  Islitnds,  Ljnns,  Genoa,  and 
other  places  (§  326);  thns  coufinning,  as  lar  as  Eiich  evidence 
can.  the  indicatioiia  of  our  obserrtitions,  and  increasing  the  pro- 
bability that  the  general  coarse  of  almospherical  circnlntion  is 
in  conformity  with  the  Hnggestions  of  the  facta  gathered  from  the 
sea  as  I  had  inteipreted  them,  viz.,  that  the  trudc-winds  of  the 
southern  hemisphere,  after  arriving  at  the  belt  of  equatorial 
calms,  ascend  and  continue  in  their  aonr«e  lowarde  the  Dalms  of 
Cancer  as  an  npper  current  from  the  south-west,  and  that  afutr 
passing  this  zone  of  calms,  they  are  felt  on  the  surface  a§  the 
prevailing  south-west  winds  of  the  extra-tropical  parts  of  our 
hemisphere;  and  that  for  the  most  part,  they  bring  Iheir 
moisture  with  them  from  the  trade-wind  regions  of  the  opposire 
hemisphere.  I  have  marked  on  Plato  VII.  the  supposed  track 
of  the  "  Passat-Staub,"  showing  where  it  was  taken  up  in  South 
Aoierica,  as  at  P  P,  and  where  it  wae  found,  as  at  S  S ;  the  part 
of  the  line  in  dots  denoting  where  it  woa  in  the  upper  current, 
and  the  unbroken  line  where  it  was  wafted  by  a  surface  aurrent; 
also  on  the  Bome  plate  is  designated  the  part  of  the  South  Paoifie 
in  which  the  vapour-eprings  for  the  Mississippi  rains  are  sup- 
posed to  be.  The  hands  (^F)  point  out  the  direction  of  the 
wind.  Where  the  shading  is  light  the  vapour  is  supposed  to  be 
carried  by  an  upper  current.  Such  is  the  character  of  the  cjr- 
oumatantial  evidence  which  induced  me  to  euB]ioct  that  some 
agent,  whose  ofBoe  in  the  grand  system  of  atmospherical  circula- 
tion is  neither  uoderstood  nor  recognized,  was  at  work  in  these 
oalm  belts  and  other  places.  It  may  bo  electrical,  or  it  may  be 
magnetic,  or  both  conjoined. 

350.  QueteleCa  obgercaliont. — The  more  we  study  the  workings 
of  tie  atmospherical  machinery  of  our  planet,  the  more  are  we 
impressed  with  the  conviction  that  we  as  yet  know  very  little 
concerning  its  secret  springs,  and  the  little  "govemora"  here 
and  there  which  regulate  its  movements.  My  excellent  friend 
M.  Quetelct.  the  astronomer  royal  at  Bnissclfi,  has  instituted  a 
most  excellent  series  of  observations  upon  atmospherical  elec- 
tricity. He  has  shown  that  there  is  in  the  upper  regions  of  the 
wr  a  groat  reservoir  of  posiliva  electricity,  which  increases  as 
the  temperature  diminishes.  So,  too,  with  the  magnetism  of  the 
in  the  trppcr  regions. 
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360,  At  tea  tn  tiie  eouikem  hemitphere  we  hai-e  &e  rule,  on  land  in 
Ifie  northern  the  exceplitms,  aa  to  t}ie  general  eirculatlon  of  the  otmia- 
sphere. — In  the  Bouthem  beuisphere,  wo  may,  by  reason,  of  its 
great  aqueous  ares,  snppoBe  the  general  law  of  aUiioBplierioBl 
luovementa  to  be  better  developed  than  it  is  in  tbe  noriheni 
hemiapbere.  We  accordingly  see  by  the  table  (S  353)  that  the 
moTemeuts  north  and  south  between  45°  and  50°  oorrespond 
with  the  movements  south  and  north  between  25°  and  30° ;  thitt 
as  you  go  from  the  latter  band  towards  the  equator  the  winds  wilh 
Bouthing  in  them  increase,  while  the  winds  with  northing  io 
them  increase  as  you  go  from  the  former  towards  the  pole. 

361.  The  magnetic  poles,  the  pole*  of  the  wind  md  of  ctUd  coinci- 
dent.— This  is  the  law  in  both  hemispheres  :  thus  indicating  th&t 
there  must  be  in  the  polar  re^ons,  as  in  the  equatorial,  a  calm 
place,  where  these  polar-bound  winds  cease  to  go  forward,  rise 
up,  and  commence  their  return  (S  214)  aa  an  upper  current.  So 
we  have  theoretically  a  calm  disc,  a  polygon— not  a  belt — about 
each  Bole,  Tlie  magnetic  poles  and  the  poles  of  maximum  cold 
(S  347)  are  coincident.  Bo  not  those  calm  discs,  or  "  poles  of 
the  wind,"  and  the  magnetic  poles,  cover  the  same  spot,  the  two 
standing  in  the  relation  of  cause  and  effect?  This  question  was 
first  asked  several  years  ago,*  and  I  waa  then  moved  to  pro- 
pound it  by  the  inductions  of  theoretical  reasoning.  Observers, 
perhaps,  may  never  reach  those  inhospitable  r^ons  with  their 
instruments  to  shed  more  light  upon  this  subject;  but  Panyand 
Barrow  have  found  reasons  to  believe  in  the  existence  of  a  per- 
petual calm  about  the  north  pule,  and  later,  Bellot  has  reported  • 
the  existence  of  a  calm  region  within  the  frigid  zone.  Professor 
J.  H.  Coffin,  in  an  elaborate  and  valuable  paperf  on  the  "  Wimui 
Of  TBE  NoBriiERv  HEMispnERE,"  arrives  by  deduction  at  a  like 
conclusion.  In  that  paper  he  has  discussed  tbe  records  at  do 
less  than  five  hundred  and  seveuty-niue  meteorological  statiooe, 
embrtwing  a  totality  of  observations  for  two  thousand  eight  hun- 
dred and  twenty-nine  years.  He  places  his  "  meteorological 
pole  " — pole  of  the  winds — near  latitude  84°  north,  longitude  lOff" 
west  The  pole  of  maximum  cold,  by  another  school  of  philo- 
sophers, Sir  David  Brewster  among  them,  has  been  placed  in 
latitude  80'  north,  longitude  100°  west;  and  the  magnetic  pole, 
by  still  another  school,}  in  latitude  73°  35'  north,  longitude 
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95°  39'  west.  Neither  of  theGe  poles  is  a  point  Bueoeptible  of 
definite  and  exact  position.  The  polar  calms  are  no  more  a  point 
tlian  tlie  equatorial  calms  are  a  line ;  aucL,  considering  tbat  those 
poles  are  areas  or  discs,  not  points,  it  is  a  little  curious  that  phi- 
losophers in  difiercat  parte  of  the  world,  nsing  difTerent  data, 
and  following  up  investigation  each  through  a  separate  and  in- 
dependent system  of  research,  and  eaofa  aiming  at  the  solntlon  of 
different  problems,  should  nevertheless  agree  in  asugning  very 
nearlj  the  same  position  to  them  all.  Are  these  three  poles 
grouped  together  by  chance  or  by  some  physical  cause?  By  the 
latter,  undoubtedly.  Here,  then,  we  have  anotlier  of  those  gos- 
lamer'like  clews,  that  sometimes  seem  almost  palpable  enough 
for  the  mind,  in  its  happiest  mood,  to  lay  hold  of,  and  follow  up 
to  the  very  portals  of  knowledge,  where  we  pause  and  linger, 
fondly  hoping  that  the  chambers  of  hidden  things  may  be  thrown 
open,  and  that  we  may  be  permitted  to  behold  and  contemplate 
the  mysteries  of  the  winds,  the  Irost,  and  the  trembling  needle. 
In  the  polar  calms  there  is  (§  21 5}  an  ascent  of  air ;  if  an  ascent, 
a  diminution  of  pressure  and  an  expansion ;  and  if  expansion,  a 
decrease  of  temperature.  Thorefovo  wo  have  palpably  enough  a 
connecting  liak  hero  between  the  polar  calms  and  the  polar  place 
of  maximum  cold.  Thus  wo  establish  a  relation  between  the 
polo  of  the  winds  and  the  pole  of  cold,  with  evident  indications 
that  there  is  also  a  physical  connection  between  these  and  the 
magnetic  pole.  Uere  the  out-oroppings  of  a  relation  between 
magnetism  and  the  circulation  of  the  atmosphere  again  appear. 

362.  The  banmeler  in  the  wind  bandt. — Thousands  of  obserro- 
tions,  made  by  mariners  and  recorded  in  th^  abstract  logs,  hav9 
enabled  us  to  determioe  approximately  ths  mean  height  of  the 
barometer  for  the  various  bands  (§  352)  at  sea.  Between  the 
parallels  of  30"  S.  and  50°  N.,  Lieut.  Andrau,  of  the  Dutch  Navy, 
bos  collected  from  the  abstract  logs  at  the  Meteorological  Insti" 
tute  of  Utrecht  no  less  than  S.liSSi  observations  on  the  height  of 
the  barometer  in  the  following  bands.     (Soe  table,  page  176.) 

363.  More  atmosphere  m  the  northern  than  in  the  soathern  hem!' 
lyAare.— Tho  diagram  of  the  winds  (Plate  I.)  has  been  con- 
Btmcted  so  as  to  Khow  by  its  shaded  border  this  unequal 
distribution  of  the  atmosjihero  between  the  two  hemispheres. 
Have  we  not  here  proof  that  llie  soulhorn  hemisphere  (§  261)  is 
indeed  the  boiler  to  this  mighty  atmospherical  engine?     The 

^■^neous  vapour  rising  from  its  waste  of  waters  diivcs  tho  air 
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awaj  from  the  austral  regions,  just  aa  the  vapour  that  ia  fanned 
in  the  real  steam-boiler  expels  the  air  from  it  This  difierenoe 
of  almusphere  over  tho  two  halves  of  tlie  globe,  at)  indicated  by 
the  barometer,  is  very  suggestive. 

.  364.  A  ttandard  o/ amipariaon  for  the  barometer  at  tea. — Admiral 
Fitzroy  has  also  reduced  from  tho  abstract  logs  iu  tlie  AIot«oro- 
logical  Beparlment  of  tho  Board  of  Trade  in  London  a  great 
number  of  barometrical  obeervations.  Ue  has  discovered  that 
near  the  parallel  of  5"  N.  in  the  Atlantic  Oocan  the  preaanro  of 
iJie  atmosphere  is  so  uniform  as  to  afford  nsi-igalors  a  natural 
standard  by  which,  out  there  at  sea,  they  may,  as  they  pass  to 
Jiod  fro,  compare  their  barometers.  This  pressure  is  stud  to  be 
HO  uniform,  that  after  allowing  for  the  sii-honrly  fluctuationo, 
the  mariner  may  detect  any  error  in  his  barometer  amounting  to 
the  two  or  three  thousandlli  part  of  an  inch. 

365.    Soulh-eael  Irade^ndt  having  no  moisture  traced  over  into 
i.  tbr  oliacrvations  are  teitoced  H 


«  ntftoHM  o/tht  tuirlhem  hemisphere. — Aooordiug  to  the  views 
wnted  ia  §  .tSS  anil  PlaW  VU.,  tlio  sonlh-eaat  trade- windu. 
-  wliich  reftch  the  sborefi  of  ISraeil  near  the  prnuUel  of  Bio, 
ind  wlucli  blow  thenco  for  the  mnsi  part  over  the  land,  §hould 
Lu  the  wiuds  which,  in  the  j^uoral  course  of  circulation,  would 
be  carried,  after  croBsing  the  Andee  and  rising  up  in  the  belt  oT 
equatorial  calRis,  towarde  Northern  Africa,  tSpain,  and  the  Bouth 
of  Europe.  They  might  carry  with  them  the  intiuoriaof  Ehren- 
berg  (i  35H),  but  according  to  thia  thei>Ty.  they  would  be  wantiug 
in  moisture.  Now,  ore  not  tboae  portions  of  tlte  Old  World,  for 
the  moBi  part  dry  countriee,  receiving  but  a  snuUl  amount  of  pre- 
cipitation ?  Hence  the  general  rule ;  those  countries  to  the 
north  of  iho  calms  of  Cancer,  which  have  large  bodies  of  land 
idtuated  to  the  soulhwurd  and  westward  of  them,  in  the  south- 
east trade-wind  region  of  the  earth,  Ehoald  have  a  scanty  supply 
of  rain,  and  dee  Venn.  Let  us  try  this  rule :  The  extra-tropical 
part  of  New  Holland  comprises  a  portion  of  land  thus  situated  in 
the  southern  hemisphere.  Tropical  India  in  to  the  northward 
and  westward  of  it ;  and  tropical  India  is  in  the  north-east  trade- 
wind  region,  and  should  give  extra-tropical  New  Holland  a 
alender  supply  of  rain.  But  what  modificntions  the  monsoons  of 
the  Indian  Ocean  may  make  to  this  rule,  or  what  efiect  they  may 
have  npon  the  rains  in  New  Holland,  my  investigations  in  that 
part  of  the  ocean  have  not  been  carried  far  euou)^  for  final 
deoisiun  :  though  New  Holland  is  a  dry  country. 

366,  Each  hemisphere  reeeiva  Jrom  the  jntn  Ihc  tame  amounl  of 
heaL— The  earth  ih  nearer  to  the  sun  in  the  summer  of  the 
southern  hemisphere  than  it  is  in  the  summer  of  the  uorthern ; 
consequently,  it  has  been  held  that  uiie  hemiKphere  annually 
receives  more  heat  than  the  oiher.  But  the  nnrthem  summer  is 
7'7  days  longer  than  the  Bouihem :  and  t-ir  John  Hursuhel  has 
shown,  and  any  one  who  will  take  the  trouble  may  deiUunslrate, 
that  the  total  amount  of  direct  solar  heat  received  annually 
by  each  hemisphere  is  identically  the  same,  and  therefore  the 
northern  hemisphere  in  its  longer  simimer  mokes  up  with  heat 
for  the  greater  intensitj"  but  shorter  duration  of  the  southern 
summer.  But  though  the  amount  of  heat  annually  impressed  by 
the  sun  upon  each  hemisphere  be  identically  the  same,  it  by  no 
means  follows  that  the  nmoimt  radiated  ofl'  intu  space  by  each 
h«iaiaphore  again  is  nho  identically  the  same.  There  is  no 
Mason  to  believe  that  the  t^artli  is  growing  warmer  or  coolcv.viv^ 
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thererore  wo  infer  that  the  totul  amount  o(  heat  recoived  aoBB- 
allyby  the  tnhole  eiuih  in  again  annnall)'  radiated  from  the  whole 
earth.  Nevertli»less,  the  two  hemispheres  may  rudiat«  vtay 
unequally. 

367.  The  norlhentrailialee  most, — Direct  observations  concerning 
the  amount  of  radiation  from  diflerent  parts  of  the  Burl'ace  of  our 
planet  are  meagre,  and  the  results  ae  to  quantity  by  no  meaua 
uonclusive ;  but  we  have  in  the  land  aud  tiea  breezes  a  natural 
index  to  the  actinomotiy  of  Eea  and  land,  which  ebows  that  the 
radiating  forces  of  the  two  are  very  diflerent.  Notwithstanding 
the  temperature  of  the  land  is  raised  so  much  above  that  of  tbe 
wateis  during  the  day,  its  powers  of  radiation  arc  so  mnob 
greater  than  those  of  water  that  its  temperature  falls  i]uring  tb» 
night  below  that  of  the  sea,  and  so  low  as  to  produce  the  land 
breeze.  From  this  fact  it  may  be  inferred  that  the  hemisphere 
that  has  moat  land  dispensed  most  heat  by  radiation. 

368.  Another  proof  of  Ike  crosmngt  at  the  oalm  bells. — The 
qticstion  now  may  be  well  put :  ijinoe  the  two  hcraiepbereB 
receive  annually  the  same  amount  of  heat  from  the  sun,  and 
since  the  northern  hemisphere,  with  its  greater  area  of  land, 
radiates  most,  whence  does  it  derive  the  surplus  ?  I'he  theory  of 
tbe  crossing  at  the  calm  belts  indicates  both  the  way  and  Uta 
moans,  and  suggests  the  answer ;  for  it  points  tu  the  latent  beat 
of  vapour  that  is  taken  up  in  the  southern  hemisphere,  trans- 
ported by  the  winds  across  the  culm  belts,  and  liberated,  as  the 
clouds  drop  down  their  fatness  upon  northern  fields.  It  is 
not  only  the  difference  of  radiating  power  between  land  aod 
water  that  makes  the  northern  continents  the  chimneys  of  the 
forth,  but  the  diSerence  of  cloud  in  a  continental  and  an  ooeanio 
sky  must  also  greatly  quicken  the  radiating  powers  of  the 
northern  hemisphere.  Hadiation  goes  on  from  the  upper  surfooe 
of  the  clouds  and  from  the  atmosphere  itself,  but  we  know  that 
clouds  in  a  groat  measure  obstruct  radiation  from  the  surface  of 
ihe  earth ;  and  as  tlie  surface  of  the  earth  receives  mnre  of  the 
direct  Ijoat  of  the  sun  than  the  atmosphere,  tbe  point  under  di»- 
ciiKbiion  relates  Us  the  mode  in  which  the  surface  of  the  earth  gota 
lid  of  that  heat.  Il  gets  rid  of  it  chiefly  in  three  ways  :  sums  1» 
carried  u&'  by  coavedion  in  the  air;  some  by  evaporation  :  ouil 
somii  liy  radiation ;  and  such  is  the  interference  of  clouds  with 
this  last-named  process,  that  we  are  told  tbnt  during  the  rainy 
Mason  in  intertropical  countries,  as  on  the  coast  of  Afrioa,  1itM» 
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iften  not  mdiation  enough  to  prodoce  the  phenomena  of  land 
EGit  breezes.  The  absence  of  dew  in  cloudy  nights  is  a 
ikmiliar  inetaucw  of  the  nnti-r&diating  infiiience  of  clouds.  The 
soatbeni  hcmit-phere,  being  so  much  mure  aqueouti,  is  no  doubt 
much  more  enveloped  with  clouds  where  its  oceans  lie,  than  i« 
the  northern  where  its  continents  repoae,  nnd  therefore  it  is  that 
hemisphere  radiates  more  than  the  other, 

3d.  Fatlt  and  pearlt. — Thus,  byobseiving  and  dificusdng,  by 
naorting  lo  the  force  of  reason  and  to  the  processes  of  induction, 
we  have  gathered  for  the  theory  that  fuvouis  the  air-crossings  at 
the  culm  belts  fact  upon  fact,  which,  like  pearls  for  the  necklace, 
seemed  only  to  require  a  string  to  liang  them  bother. 


CHAPTER  VIII. 

8  370-409. — cuBBEsxa  op  the  sea. 
pO.  Obediad  to  order.- — ^We  here  set  out  with  the  postulate  that  the 
B  well  as  the  air,  has  its  system  of  circulation,  and  that  this 
o  whatever  it  he,  and  wherever  its  channels  lie,  whether  in 
e  waters  at  or  below  the  surface,  is  in  obedience  to  law.  The 
\,  by  the  circulation  of  its  waters,  doubtless  has  its  offii.'es  tu 
in  the  terrestrial  economy ;  and  when  we  see  the 
in  the  oi^eou  running  hither  and  thitlier,  we  feel  that 
c  not  put  in  motion  without  a  cause.  On  the  contrary, 
i  know  they  move  in  obediencu  to  some  law  of  Nature,  be  it 
Borded  down  in  the  deptlis  below,  never  so  far  beyond  the 
f  human  ken ;  and  being  a  law  of  Nature,  we  know  who 
l^ve  it.  and  ihat  m;ither  chance  nor  aceideul  had  anything  to  du 
rilb  il«  enactment  Natnre  grants  us  ail  that  this  poutulate 
nands,  repeating  it  to  us  in  many  forms  of  expression :  she 
'tttt&rs  it  in  the  blade  of  green  grase  which  she  causes  to  grow  in 
(■limatcs  and  soils  made  kind  and  genial  by  warmth  and  moisture 
that  noma  current  of  the  sea  or  air  has  conveyed  for  away  from 
under  &  tropical  sun.    She  murmurs  it  out  in  the  cooling  current 

I  the  north ;  the  wholes  of  the  sea  tell  of  it  (g  1 5S) ;  and  all  its 
ubitants  procL-iiu  il. 
!71.  Tk«famia  and  flora  o/the  ««.— 'lie  fauna  and  the  flora  of 
I  aett  si«  as  much  the  crvatures  of  climate  (S  Itil),  and  ore  an 
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liepeudent  for  thoir  wsil-being  Tipon  temperature,  as  are  tlw 
faunii  and  llie  floi-a  of  the  dry  land.  Were  it  not  so  we  shuold 
find  the  fihk  and  iho  algie,  the  marine  insect  and  tbo  wiral,  dis- 
tributed equally  and  alike  in  all  parts  of  the  ocean.  The  arctic 
wliale  wuuld  delight  in  the  torrid  zone,  and  the  habitat  of  the 
pearl  ojster  would  be  also  under  the  icebei^,  or  in  the  frigui 
wators  of  polar  seas 

572.  Thoie  of  ecuthem  unlike  Ihote  of  northern  seax. — Nevel- 
Iiie1e£«,  though  the  conutitaents  of  nea  water  be  the  eame  in  kind, 
we  muat  not  infer  that  they  are  the  eame  in  degree  throughout 
all  parts  of  the  ocean,  for  there  is  a  peciiliarit\-,  perhaps  of 
temperature,  perhaps  of  traneparency,  which  marks  the  inhalnt- 
anta  of  traoa-equatorial  eeos.  AIM.  I'eron  and  Le  Sueur,  who 
hiivo  turned  their  attention  to  the  subject,  assert  that  out  of 
many  ihouEand  examples  they  did  not  find  a  eiugle  one  in  wfaich 
the  inhabitanis  of  trans-equatorial  were  not  distinguishable  from 
those  of  their  species  in  cis-equatorial  seas. 

373,  The  capaeily  of  iralar  to  eonvey  halt. — Wator,  while  itn 
capacities  for  heat  are  scarcely  exceeded  by  those  of  any  other 
substance,  is  one  of  the  most  complete  of  non-conductors.  Heat 
does  not  pormeatc  water  om  it  does  iron,  for  instance,  or  other 
good  conductors.  Heat  the  top  of  an  iron  plate,  and  the  bottom 
becomes  warm  ;  but  heat  the  top  of  a  sheet  of  water,  as  in  a  pool 
or  basin,  and  that  at  the  bottom  remains  cool.  The  heat  paesM 
through  iron  by  conduction,  but  to  get  through  water  it  reqoirea 
to  be  conveyed  by  a  motion,  which  in  fluids  we  caU  currents. 
Therefore  tlio  study  of  the  climates  of  the  sea  involves  a  know- 
ledge of  its  currents,  both  cold  and  warm.  They  are  the  cliaimels 
through  which  the  wat«re  circulate,  and  by  means  of  which  the 
h&rmonies  of  old  ocean  are  proeorvcd. 

374.  Currenta  of  the  aea  to  be  ecmmdered  in  j>ni>«. — Hpnce,  in 
studying  the  Kystem  of  oceanic  circulation,  we  net  out  with  the 
vei^  dmple  assumptiott,  viz.,  that  from  whatever  part  of  the 
ocenn  a  current  is  found  to  run,  to  the  same  part  a  current  of 
ei^nal  volume  is  bound  to  return  ;  for  upon  tliis  principle  is  baaed 
the  whole  sj-stem  of  currunt*  and  counter- currents  of  the  air  as 
well  as  of  the  watt-r.  Ilencc.  the  advantnge  of  considering  them 
11*  the  onatumisl  does  the  nerves  of  the  human  system— in  paira. 
Currents  of  water,  like  currents  of  air,  meeting  fK-m  v&riotts 
directiiina.  crent*  gyrntimis,  which  in  some  parts  of  the  »ea,  as  an 
the  coast  of  Norway,  BBsume  the  appearance  of  wluilpoola,  ^v- 
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ne  water  were  drawn  into  a  nhasm  bolow,     The  t*le- 

jclstrom  JH  caused  by  mich  a  cooflict  ol'  tiAnl  m-  otlci 

'  streams.      The   lat.o    Admiral   Beechey,  E.N.*   gave  diagi-ams 

illu^trativo  ol  utaoy  "  rolaloiy  Btrcama  in  the  KngliHh  Chiuinel.  a 

number  of  whicb  occur  between  tUo  outer  oxtreraitics  of  the 

^^channcl  tide  and  tie  stream  of  the  oceanic  or  parent  wave." 

^^■Diej  ai«  oluarlj  to  be  accountt^l  fur."  says  he,  "  by  tti«  streams 

^^^bng  obliquely  npnn  each  ottier." 

^^^BT£.  Marine  eurrcntt  do  not,  like  Ihoae  an  land,  run  of  weeBiiiiy 
^^Jhm  higher  U>  lower  lee^n.—lt  is  not  uecesKary  to  ansociale  with 
oi:i<anio  ciirrenls  the  idea  that  tbey  must,  of  necessity,  as  on 
bind,  run  fnmi  a  hlgber  to  a  loiwr  level.  So  Sar  from  this 
.boiiig  tJie  vaae,  some  cnrrents  of  the  sea  nctnally  run  up  hill, 
^ile  others  run  on  &  level.  The  Gulf  Stream  is  of  tho  first 
»  (S  88). 
"■.37(1.  The  Bed  Sea  current. — The  oniTent«  which  run  from  the 
Atlantic  inU>  tko  Medit:urrEinean,  and  from  the  Indian  Ocean  into 
ibe  ]{ed  ticu.  are  tlie  reverse  of  this.  Here  the  bottom  of  the 
•.■nrmnt  is  probably  a  wutiir-level,  and  the  top  an  inclined  plane, 
muuing  dtnen  hill.  Take  the  Rod  Sea  curi'ent  as  an  illustration. 
I'liat  Hea  li>3s.  fur  the  moHt  part,  within  a  rainless  and  riverleHS 
diKtriut.  It  may  be  compdred  to  a  long  and  narrow  ti'ough. 
Roing  in  a  rainless  district,  tlio  evapoiution  of  it  ia  ixnmonse ; 
none  of  tliu  water  tlius  taken  up  is  returned  to  it  either  by  rivein 
or  rains.  It  is  aboiit  one  thousand  miles  long;  it  lies  nearly 
north  and  south,  and  extends  from  Lititnde  l^'^  to  the  parallel  of 
!l<i-'  north.  From  May  to  0ctol)6r.  the  water  in  the  upper  psjt 
uf  thin  SQ»  is  said  to  be  two  feet  lower  than  it  is  near  the  month. t 
riiid  cliange  or  difference  of  level  is  ascribed  to  the  effect  of  the 
\v-LDd,  which,  prevailing  Irom  the  north  at  that  seaitoii, is  sup{K)ned 
: '  ■  Lilow  tJie  water  out.  But  from  May  to  October  is  also  tho  hot 
~'  :uion;  it  is  Uie  season  when  evaporation  is  going  on  most 
iii|iiJly;  aud  whun  we  consider  how  dry  and  how  hot  the  winds 
niv  wliioh  blow  npon  this  sea  at  this  season  of  the  year ;  that  it  is 
a  narrow  sua;  liiiit  tliey  blow  across  it  and  are  not  satnroteil.  we 
may  supiiose  tlie  daily  evaporation  to  be  immense.     The  cvopo- 

Kradiin  from  this  sea  and  the  t'omiiin  Gulf  is  probably  greater 
it  is  from  any  other  arms  of  the  ocean.  Via  know  that  the 
te 
A 
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n  tntm^sting  paper  by  him  on  Tiilal  Stn»mB  of  Ihe  North  E 
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waete  from  canals  by  ovapomtion,  in  the  summer-time.  Is  g£ 
element  wliicli  the  eng^nticr,  when  taking  the  capacity  of  hia 
feeders  into  oalculiition,  has  to  conBidw,  "With  him  it  is  an 
important  element:  how  much  more  so  must  the  vrarte  by 
evaporation  from  thia  sea  be  when  we  consider  the  physiciil 
conditions  under  which  it  b  placed  !  Its  feeder,  the  ArabittB 
Sea,  is  a  thousand  miles  from  its  head ;  ite  shores  are  btimii^ 
sands;  the  evaporation  is  ceaselett ;  it  ie  a  natural  cvaporatfog 
dish  (§  525)  on  a  grand  scale;  none  of  the  vapours  which  the 
icorohing  winds  that  blow  over  it  carry  away  are  returned  to  it 
Hgain  in  the  slM.pe  of  rains.  The  Red  Sea  -vaponts  are  carried  off 
«nd  precipitated  elsewhere.  The  depression  in  the  level  of  its 
head  waters  in  the  summer-lime,  therefore,  it  appears,  is  owinj 
ro  the  effect  of  evaporation,  as  well  as  to  thatof  the  wind  blowing 
the  waters  back.  The  evaporation  in  certain  parte  of  the  Indian 
Ocean  is  supposed  to  be  (S  103)  from  three  fourths  of  an  inch  to 
nn  inch  daily.  Whatever  it  be,  it  is  doubtless  greater  in  the 
Red  Sea.  I,et  us  assume  it.  then,  in  the  summer-time  to  avenige 
only  half  an  inch  a  day.  Now,  if  wo  suppose  the  velocity  of  the 
eiincnt  which  runs  into  that  sea  to  average,  from  month  to  head, 
twenty  miles  a  day,  it  would  Like  the  water  fifty  days  to  renefa 
the  head  of  it.  If  it  lose  half  an  inch  from  its  mirfate  by  evapo- 
ration daily,  it  would,  by  the  time  it  reaches  the  Isthmiw  of 
Suez,  have  lost  twenty-five  inches  from  its  suiface.  Thtia  ths 
waters  of  the  lied  Si-a  ought  to  bo  lower  at  the  Isthmus  of  Snea 
than  they  are  at  the  Straits  of  Babelmandeb.  Independently  of 
the  forcing  out  by  the  wind,  the  waters  there  ought  to  be  lower 
from  two  olber  causes,  vis;.,  evaporation  and  temperature  ;  for  the 
temperature  of  that  sea  is  necessarily  lower  at  Suez,  in  latitude 
■  30",  than  it  is  at  Babelmandeb,  in  latitude  13°.  To  make  it 
ijuite  clear  that  the  surface  of  the  lied  Sea  is  not  n  sea  level,  bat 
is  an  inclined  plane,  suppose  the  channel  of  the  Red  S<.'a  to  have  a 
perfectly  smooth  and  level  floor,  with  no  water  in  it.  and  a  wave 
ten  feet  high  to  enter  the  Straits  of  Babelmandeb,  and  to  flow  np 
the  channel,  like  the  present  sorface  cucront,  at  the  rate  of  twenty 
miles  a  day  for  fifty  days,  losing  daily,  by  evaporation,  half  on 
inch;  it  is  easy  to  perceive  that,  at  the  end  of  the  fiftieth  da^i 
this  wave  would  not  be  so  high  by  two  feet  (twenty -five  inchea) 
OS  it  was  the  first  day  it  commenced  to  flow.  The  top  of  that  seat 
therefore,  may  bo  regarded  as  an  inclined  plane,  made  so  hf 
evaporatioti. 
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377.   Upper  attd  under  (Tin"«i(j  Oirouijh  ulraiU  explained. — But  tile 

salt  water,  which  Ijub  Iiiiit  bo  niiicli  of  its   fioshtiess  bj  evapo- 

lation,  buooiiieB  Kallur.  and  lliereforo  heavier.     The  lighter  wuler 

t  the  Straita  cannot  bilanee  the  heavier  water  at  the  Isthraus, 

knd  the  colder  and  sailer,  and   therefore  heavier  water,  mu§t 

lather  run  out  aa  aii  under  current,  or  it  ranat  deposit  its  surplus 

Q  the  shape  of  ciystala,  and  thus  gradually  make  the  bottom 

f  the  Red  Sea  a  salt-bed,  or  it  must  abstract  all  the  ealt  from  the 

aan  U)  make  the  lied  Sea  brine — and  we  know  that  neither  the 

me  process  nor  the  other  is  going  on.     Hence  we  infer  that 

there  is  &om  the  Red  Sea  an  under  and  outer  current,  as  there  is 

from  the  Mediterranean  through  the  Straits  of  Gibraltar,  and 

that  the  surface  waters  near  Suez  are  Salter  than  those  near  the 

mth  of  the  Red  Sea.    And,  to  show  why  there  should  be  an 

r  and  under  current  from  each  of  those  two  seas,  let  ns 

ippose  the  case  of  a  vat  of  oil,  and  a  vat  of  wine  connected  by 

a  of  a  narrow  trough — the  trough  being  taken  to  repreeent 

i  straits  connecting  seas  the  waters  of  which   differ  as   to 

■■peoifio  gravity.     Suppose  the  trough  to  have  a  flood-gale,  which 

I  closed  until  we  arc  ready  for  the  experiment.     Now  let  tie 

>  vats  be  filled,  one  ^vitli  wine  tlie  other  with  oil,  up  to  the 

e  level.    The  oil  ia  introduced  to  represent  the  lighter  water 

•  it  enters  either  of  these  seas  from  the  ocean,  and  the  wine  the 

B  water  after  it  has  lost  some  of  its  freshness  by  evaporatioii, 

and  therefore  has  become  Baiter  and  lieavier.     Now  suppose  the 

flood-gate  to  be  raised,  what  would  take  place?     Why.  the  oil 

would  nm  in  as  an  upper  current,  overflowing  the  wine,  and  the 

toino  wonid  run  out  as  an  under  current. 

f  378.  The  Mediterranean  cvrraU. — The  rivers  which  discharge 

r  waters  into  the  Mediterranean  are  not  sufBcient  to  supply 

»  waste  of  evaporation,  and  it  is  by  a  process  similar  la  ihif^ 

t  the  salt  which  is  carried  in  hvm  tlie  ocean  is  returned  to 

Q  ;^in :  were  it  not  so,  the  bed  of  that  sea  would  be  a 

B  of  solid  salt.      The  unstable  eqtiilibrium  of  the  seas  is  a 

physical  necessity.     W^re  it  to  bf  lost,  the  cojiseqnenoca  would 

bo  as  disastrous  as  would  be  any  demngenicnt  in  the  forces  of 

ravitation.     Without  doubt,  the  equilibrium  of  the  sea  is  pre- 

rved  by  a  system  of  compensation  as  exqmi^itel)-  adjusted  as 

t  those  by  which  the  "  mu.sic  of  the  spheres  "  is  maintained. 

}  difficult  to  form  an  adequate  conception  of  the  immeuM 
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qii«ntitJP3  of  solid  matter  which  tlio  currtait  from  the  Atlantic,  ' 
holding  in  KolutioD,  carries  into  the  Mediterranean,  In  kia 
Rbstract  log  for  March  8fh,  1855,  Liuutenant  William  Grenviilo 
Temple,  of  the  United  States  ship  Levant,  homeward  buutid, 
has  descrihed  t.he  indraught  thure ;  "  Weather  fine ;  made  1 1  pt 
leci-way.  At  oonn,  elorid  in  to  Almiria  Bay.  and  anchored  offtlie 
village  of  Boguetas.  Found  a  great  niimber  of  vessels  wniting 
for  achfinoe  to  get  to  tiie  westward,  and  learned  front  them  tbst 
at  least  a  thousand  Rail  are  wcalUor-liound  btrtwet^n  tJiia  anci 
Gibraltar.  Some  of  tlii-m  have  been  so  for  six  weokti.  and  have 
even  got  as  far  aa  Malaga,  only  to  be  swept  back  by  the  currenL 
[pdoed,  no  vessel  iiad  been  able  to  get  out  inio  the  Atlantic  for 
throe  months  past."  Now  suppose  Ibis  ourent,  whieh  bcdiled 
and  beat  back  this  fleet  for  so  many  daj'B,  ran  no  fiiater  than  two 
knots  the  hour.  Aasuming  its  depth  to  be  400  feet  only,  atid  its 
width  seven  milefi.  and  that  it  carried  in  with  it  the  average  pro- 
portion of  solid  matter— ^lay  one  thirtieth— -contained  ia  bm 
water;  and  admitting  tbeso  postulates  into  calculation  aa  tbe 
basis  of  the  computation,  it  appears  that  salts  enough  to  makfl  do 
less  than  88  cubic  milus  of  solid  matter,  of  the  density  of  mtat, 
were  carried  into  the  Mediterranean  during  these  90  days. 
Now,  unless  there  were  some  escape  for  all  this  solid  matter,  whidi 
has  been  running  into  that  sea,  not  for  90  days  merely,  hut  for 
ages,  it  is  very  clear  that  the  Mediterranean  would,  ere  tliia,  havo 
Iwen  a  vat  of  very  strong  brine,  or  a  bed  of  cubic  crystals, 

379.  The  Suet  Canal.— Wo  have  ia  this  fact,  viz.,  the  difficult 
of  egress  liom  th«  Mediterranean,  and  the  tedious  charactid'  of 
Ibe  navigation,  under  canvaK,  within  it,  the  true  secret  of  ibb 
indifference  whiob.  in  commerolal  circles  in  liinglnnd  nsd  ths 
Atlantic  states  of  Europe,  is  manifested  towards  the  projected 
Suez  Canal.  But  to  France  and  8pcun  on  the  Mediterruneui,  tu 
the  Italian  States,  to  Greece,  and  Austria,  it  would  be  tb» 
greatest  commercial  boon  of  the  age.  The  Medllorrancan  ia  a 
groat  gulf  running  from  west  to  east,  penetrating  the  old  world 
almost  to  its  very  centre,  and  separating  its  most  civilised  fnim 
its  most  savage  communities.  Its  southern  shores  are  inbabited. 
for  the  most  part  by  an  anti-comracrcial  and  tbrifUess  people. 
thi  the  norlJiern  shores  the  climates  of  each  nation 
duplicates  of  the  climates  of  her  Delgbbours  to  the  ei 
w^ ;  consequently,  these  nations  ail  cultivate  the  ea 
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nnd  have  wants  Ihnt  nre  ximilftr:  fur  a  (vmmerce  among  them- 
■■I'lTf*,  tln>n'foro,  thoy  liipk  tte  nwin  elwueuls,  viz.,  diflerence  of 
[iruiiuction,  and  ihe  diversity  of  wante  whifli  are  the  conseqnenco 
of  variety  of  climfttea.  To  reach  these,  the  Aledilerranean  people 
hare  had  to  encounter  the  tedious  navigation  and  the  BOmotimes 
difficult  egrees— juflt  described — from  their  aea.  Clearing  the 
Straits  uf  Gibraltar,  their  veescls  do  not  even  then  find  tJiem- 
selvee  in  a  position  so  favourable  for  reanliing  the  markets  of 
the  world  om  they  would  bo  were  they  in  Liverpool  or  off  the 
_  JLuard.  Sufh  is  the  ol«tmction  which  (ho  winds  and  the  current 
HAom  the  Atlantic  offer  to  the  navigation  there,  that  vesttels 
HwHUd  to  India  from  the  United  States,  Kugland,  or  Ilolland, 
|^_,BSy  often  doable  tho  Cape  of  Good  Ilope  before  one  sailing 
with  a  like  destination  from  a  Morditerninean  port  wonld  find 
hereelf  clear  of  the  Straits  of  Gibraltar.  It  is  therefore  not 
litirpriBing  that  none  of  the  great  commercial  marts  of  the  pre- 
sent day  are  found  on  the  shores  of  this  classic  sea.  Tho  people 
who  inhabit  tho  hydrographic  basin  of  the  Mediterranean — 
wliich  includes  the  finest  parts  of  Europe — have,  ever  since  the 
discovery  of  the  passage  around  tho  Cape  of  Good  Hope,  been  com- 
mereiaUypent  up.  A  ship-canal  across  the  Isthmusof  Suez  will 
lot  them  out  into  the  commercial  world,  and  place  them  within  n 
ffw  days  of  all  the  climates,  wants,  supplies,  and  productions  of 
India.  It  will  add  largely  to  their  weiilth  and  prosperily.  Ab 
these  are  increatied,  trading  interconn<e  is  enhanced,  and  so  by 
virtue  of  this  canal  they  will  become  better  customers  for 
England  and  Holland,  and  all  other  trading  nations  whose  ports 
are  havens  of  the  Atlantic.  Oocnpying  this  stand-point  in  their 
ByBt«m  of  commercial  economy,  the  people  of  the  United  States 
await  wiih  a  lively  iuterent  the  completion  of  the  Suez  Canal. 

3S0.  Hifilfotaetrical  fibsertmliotts  at  fca  wanted, — Of  all  pnrt.H  of 
the  ocean,  the  warmest  v^tor,  the  galtesi  and  the  heaviest  loo, 
is  said  to  he  found  in  the  seas  of  the  Indian  Ocean.  A  good 
series  of  observations  there  with  the  hydrometer,  al  the  dillercnt 
aeasona  of  the  year,  is  a  desideratum.  Taking,  however,  such  as 
we  have  upon  the  density  of  the  water  in  the  Rod  Sea  and  tho 
Mediterranean,  and  upon  the  under  currents  that  run  out  from 
those  seas,  let  ns  cxamino  Tosnlts, 

381,  Specific  gravity  of  Red  Sea  water. — Several  years  ago.  Mr. 
Morrit,  chief  engineer  of  the  Oriental  Company's  stoam-sbip 
•Ajdaho,  collected  qieeimens  of  lEod  Sea  vrater  all  the  way  from 
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Suez  to  the  Straits  of  Babelmandeb,  wLicIi  were  aftarwai 
amined  by  Dr.  Giraud,  who  reported  the  following  resnltail 

BpK.gr... 
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No.  1.  BeaofSiiM   . 

2.  GuirofSnra 

.       27.43 

33.44 

3.  Rc<l  Sea  .     . 

24,2a 

3G. 

*.    Ditto     .     . 

,       20.55 

38,18 

5,    Ditto      .     . 

.       20.4a 

40.  oa 

e.    Ditto     .     . 

14.35 

42.43 

7.    Ditto     .      . 

.       12.39 

44. 4S 
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ITiBse  observations  agree  with  the  theoretical  dcduotions  jwA 
announced,  and  tihow  that  the  sur&ce  waters  at  the  head  b» 
heavier  and  sidler  than  the  surface  waters  at  (lie  month  of  tbb 
Red  Sea. 

382.  Evaporation  from. — In  the  same  paper,  the  leniperafore  of 
the  air  between  Suez  and  Aden  often  rises,  it  is  said,  to  90°, 
"  and  probably  averages  little  leas  than  75°  day  and  night  all 
the  year  round.  The  surface  of  this  sea  varies  in  heat  from  65* 
to  85°,  and  the  difference  between  the  wet  and  dry  bulb  tlier- 
mometers  often  amounts  to  25° — in  the  kamsin,  or  deaert  winds 
to  from  30°  to  40°;  the  average  evapor.ition  at  Aden  is  about 
eight  foet  for  the  year."  "  Now  assuming,"  saya  Dr.  Built, 
"  the  evaporation  of  the  Bed  Sea  to  be  no  greater  than  that  tf 
Aden,  a  sheet  of  water  eight  feet  thick,  equal  in  area  to  the 
whole  expanse  of  that  sea,  will  be  carried  olf  annually  in  vapour; 
or,  assuming  the  lied  Sea  to  be  eight  hundred  feet  in  depth  at 
an  average^and  this,  most  assuredly,  is  more  than  double  tlie 
fact — the  whole  of  it  would  bo  dried  up,  were  no  water  to  cater 
from  the  ocean,  in  one  hundred  years.  The  waters  of  the  Bed 
Sea,  throughout,  contain  some  four  per  cent,  of  salt  by  weight — 
or,  as  salt  is  a  half  heavier  than  water,  some  2.7  per  cent,  in 
bulk — or,  in  round  numbers,  say  three  per  cent.  In  the  conm 
of  three  thousand  years,  on  the  aasnmptions  just  made,  the  B«d 
Sea  ougbt  to  have  been  one  mass  of  solid  wilt,  if  there  were  Qo 
current  nmning  out."  Now  we  know  the  Bed  Sea  is  more  thaa 
three  thousand  years  old,  and  that  it  is  not  filled  with  salt ;  and 
the  reason  is,  that  as  fast  as  the  upper  currente  bring  the 
at  the  top.  the  under  currents  carry  it  out  at  the  bottom. 

383.  Tub    Mf:i>i rEBUANEAU    Curbests.— With    regard 
*  Transact,  of  the  Soaibay  Geogisph.  Boa.  vol.  ii.,  Mn; ,  1S49,  lo  An 
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muler  cnrreDt  from  the  Hcditerraneaii,  we  may  begin  by  re- 
marking that  we  know  tbat  Ihere  is  a  current  ulwa.vs  setting 
in  at  thu  surface  from  the  Atlantio.  and  that  this  is  a  Rnlt^water 
entreat,  which  carries  an  imtnense  amonnt  of  Bait  into  tliat  eeo. 
We  know,  moreover,  that  that  sea,  is  not  eaJling  up  :  and  ihere- 
fore,  independently  of  the  poetulato  (§  374)  and  of  observationB, 
we  might  infer  the  esistence  of  an  under  current,  through  whicli 
this  salt  finds  its  way  ont  into  the  broad  ocean  again." 

384.  The  drift  n/  the  PJocnw.— With  regard  to  this  outer  and 
r  emrent,  wo  have  obaervatiooB  tilling  of  it«  existence  as 
rag  ago  as  1712.  "  In  the  year  1712,"  wiys  Dr.  HndKon,  in  a 
Wper  communicated  to  the  Philosophical  Society  in  1724, 
PMonsienr  dn  L'Aigle,  that  fortnnato  and  generous  commander 
f  the  privateer  called  the  Phoenix,  of  Marseilles,  giving  chase 
r  Ceiila  Point  to  a  Dutch  ship  bound  to  Holland,  came  op 
rilh  her  in  the  middle  of  the  Gut  between  Tariffs  and  Tangier, 
'flad  there  gave  her  one  broadside,  which  directly  sunk  her,  all 
a  being  saved  by  Monsieur  du  L'Aigle  ;  and  a  few  days 
after,  the  Dutch  ship,  with  her  cargo  of  brandy  and  oil,  arose  on 
_tiie  shore  near  Tangier,  which  is  at  least  four  leagues  to  thd 
istward  of  the  place  where  she  sunk,  and  directly  against  the 
3ngth  of  the  current,  which  has  persuaded  many  men  that 
a  recurrency  in  the  deep  water  in  the  middle  of  the  Gat 

*  Di,  Smith  BpppnrB  to  have  been  fhe  firat  to  eonjecfun  tbia  eiplnnntlon, 
h  he  itid  in  Itns  {vide  PljiloeopliiaU  Tnnmrtions),  TIub  conliDiud  iD> 
tBoghl  into  the  MpdlterraueoQ  ap[)eiu«  to  bave  tmn  n  teinl  qatetiDii  (Lman^ 
'  a  naTigslon  uid  pbiloeoplieis  erea  of  those  times.  Dr.  Smith  allodea  to 
«TenI  hjpotbcMs  kMoIi  hnd  been  inTeatod  to  solve  these  phanomeno.  such  ai 
HBbterTBDeotiB  Tenia,  oirities.  exhalation  bjtbe  sno's  beams,  etc.,  ami  then  <4)era 
his  tcnjettun.,  wliich,  in  his  own  irordi,  is.  "that  there  is  an  under  current,  bj 
rtlicb  as  great  a  qnsntit;  of  v«(eT  is  cairi«d  out  m  coiuca  flowing  in.  To  coa- 
n  whidi.  b?Bide)  wbat  I  have  eaid  atxire  about  the  diderence  of  tides  In  the 
Ing  and  nt  tho  shore  in  thu  Downs,  trtiii'h  ueressuril;  mpposes  an  nniter 
ent.  I  ahnll  present  jou  with  an  instanw  of  the  lilce  natoro  in  Uie  Buttle 
iTed  it  tnaa  ui  able  ■poman  who  wn«  at  the  makiug  of  the 
Re  told  me  that,  being  there  ia  odd  of  the  king's  fri^tea,  Ihe^  went 
tfaoir  piiuuue  into  the  mid  stream,  ojid  were  ranicd  violenti]'  by  the  tmr- 
that,  soon  after  lius,  tliey  rank  u  bucket  with  a  beai;  CBonon  ball  to  a 
n  deplli  of  waler,  which  gave  »  ebeek  to  the  boat's  motion  ;  and,  sinking 
pitill  lower  and  lower,  the  boat  was  driien  ahead  to  the  windward  sgainat 
T  ooneat :  the  currtnt  aloft,  as  be  addud,  not  beiug.on 
Uiomi  deep,  and  that  tha  lower  the  bucket  was  let  &11,  thaj  found  the  undcf 
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tliat  sets  outward  to  the  grand  oceaa,  which  this  accident  v^Tf 
much  demonstrates ;  and,  possibly,  a  great  pari  of  iho  wftter 
which  rune  into  tie  Straits  returns  tliat  ivay,  and  along  tbo  two 
coaete  before  mentionod;  otherwise  this  Bbij)  must,  of  oonne, 
have  been  driven  towards  Ceuta,  and  so  upwards.  The  water  in 
the  Gut  miiHt  be  very  deep  :  several  of  the  commandcra  t>f  onr 
ships  of  war  having  att«mpt«d  to  sound  it  with  the  lungeet  linM 
they  could  contrive,  but  could  never  find  any  bottom." 

386.  Sallneu  of  the  Mediterranean.^^la  1828,  Dr.  Wolluslon,  in 
a  paper  before  the  Philoaophical  Society,  staled  that  he  fomid 
the  specific  gravity  of  a  specimen  of  sea  wat«r,  iron)  a  depth  of 
six  hundred  and  eeventy  futhDma,  fifiy  miles  within  the  i^trHila 
to  have  a  "  density  exceeding  that  of  distilled  water  by  inotQ 
than  four  times  the  usual  excess,  and  accordingly  leaves,  npon 
evaporation,  more  than  four  times  the  usual  quanlJty  of  saline 
residuum.  Benee  it  is  clear  that  an  under  cuirent  outward  at 
KQch  denser  water,  if  of  equal  breadth  and  depth  with  the 
current  inward  near  the  surface,  would  cany  out  as  much  salt 
below  as  in  brought  in  above,  although  it  moved  with  lesa  than 
one  fourth  part  of  the  velocity,  and  would  thus  prevent  a  per- 
petual increase  of  saltnc^s  in.  the  Mediterranean  Sea  beyond  tbkt 
existing  in  the  Atlantic."  The  doctor  obtained  this  speoimen  of 
sea  water  from  C'apt^iu,  now  Admiral  Smyth,  of  the  EngliA 
Navy,  who  had  collected  it  for  Dr.  Marcet.  Dr.  Marcct  died 
before  roooiving  it,  and  it  bad  remained  in  the  admiral's  hands 
some  time  before  it  came  into  those  of  Wollaalon.  It  mt^, 
therefore,  have  tost  something  by  evaporation  ;  for  it  is  difScnlt 
to  conceive  that  all  the  river  w-a(er,  and  three  fourths  of  the  sea 
water  which  runs  into  the  Mediterranean,  is  evaporated  from  it, 
leaving  a  brine  for  the  under  current  having  four  timei  as  much 
salt  as  the  water  at  the  surface  of  the  sea  uanally  contains.  V«iy 
recently,  M.  Coupvent  des  Bois  is  said  to  have  shown,  by  actaal 
observation,  the  existence  of  an  onler  and  under  current  froni 
the  Slediterrancan. 

38(1.  The  etatpe  of  tail  and  heary  tealBr  by  uitd^r  eurrenU.—Hovr. 
ever  that  may  be.  these  &cts,  and  the  statemonls  of  the  Secre- 
tary of  the  Geogmphical  Society  of  Bombay  {§  ^82),  seem  tO 
leave  no  room  to  doubt  as  to  the  existence  of  an  under  current 
hotfa  from  the  Red  Sea  and  Mediterranean,  and  ad  to  the  oatuse  vf 
the  surface  current  which  flows  into  them.  I  think  it  a  nintter 
of  demonstration.     It  is  accounted  for  (§  ,^77)  by  the  salta  a 
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Eea.     Wrilers  wlioae  opinions  are  entitled  to  grent  respect  differ 
with  me  as  lo  tlio  cimcliisivenesa  of  ttuB  demonstration.     Among 
thoKe  writers  are  Admira]  Smyth,  of  the  Brilieh  Xavy,  and  Sir 
Charles  Lvull,  who  also  differ  with  eoch  other.     In  1820,  Dr. 
Marcet  being  tieii  engaged  in  stndying  the  chemical  compoBition 
of  sea  water,  the  admiral,  with  his  nsiial  alacrity  for  doing  '■  a 
JiAJpd  tnra,"  nudertook  to  collect  for  the  doctur  Bpeciraena   of 
^B|«diterranean    water  from  various  depthe,    especiallj-   in  and 
^Hfbotit  the  Straits  cf  Gibraltar.     Among  these  was  the  one  0  36o) 
'  1  talcen  fifty  milee  within  the  Straits  from  the  depth  of  six  hundred 
and  seventy  fathoms  (four  thousand  and  twenty  feet),  which, 
being  four  times  Salter  than  common  sen  water,  left,  as  we  have 
just  seen,  no  donbt  in  the  mind  of  Dr.    Wollaston  as  to   the 
existence  of  this  under  current  of  brine,     fiut  the  indefatigable 
admiral,  in  the  course  of  his  celebrated  snrvey  of  the  Mediterra- 
nean, discovered  that,  while  inside  of  the  Straits  the  depth  waa 
upwards  of  nine  hundred  fathoms,  yet  in  the  Straits  themselves 
the  depth  across  the    shoalest  section  is  not  moro  than    one 
hundred  and  sinty"  fathoms.     "Such  being  the  case,  we  can 
now  prove,"  exolaime  Sir  Charles  Lyell,  "  that  the  vast  amount 
|f  ealt  brought  into  the  Mediterranean  does  nol  pass  out  again  by 
'  A  Straits ;  for  it  appears  by  Captain  Smyth's  soundings,  which 
■.  Wollaston  had  not  seen,  that  between  the  Capes  of  Trafolgar 
uid  Spnrlel,  which  are  twenty-two  miles  apart,  and  where  the 
Straits  are  shallowest,  the  deepest  part,  which  is  on  the  ride  of 
Cape  Spartel,  is  only  two  hundred  anil  twenty  fathoms,  f     It  is 
therefore  evident,  that  if  wafer  sinks  in  certain  parts  of  the 
Mediterranean,   in    consequence   of   the   increase   of  ita  specifio 
gravity,  to  greater  depths  than  two  hnndred  and  twenty  fathoms, 
it  can  never  flow  out  again  into  the  Atlantic,   since   it  must 
Ibe  stopped  by  the  submarine  barrier  which  croeses  the  Bhallowest 
■Kurt  of  the  Straits  of  Gibraltar.if" 

^K  887.  Pfrti'crti  ciradation  in  the  seo  <i  pliygiral  neremtg. — Aecord- 

'     ing  to  this  reasoning,  all  the   cavitieH,  the  hollows,   and  the 

valleys  at  the  bottom  of  the  sea,  eHpectally  in  the  trade-wind 

region,  where  evaporation  is  so  constant  and  great,  ought  to  bo 

salting  up  or  filling  up  with  brine.     Is  it  probable  that  such  a 

process  ie  actually  going  on  'f    No.     According  to  this  reasoning. 

•  "TIiaMwiiirmHiom." 

t  One  himilmJ  and  sixty,  Smytb. 

^^^  t  LycU'*  Priudpl(«  □(  Oeolo^'.  P' 3Si-Ci  nintli  edition.    Londoiu  l«i) 
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the  water  at  the  bottom  of  tbo  groitt  American  lakes  ought  ta 
remain  tliere  for  ever,  for  Ibo  bottom  of  Erie  in  far  bulow  the 
barrior  ivhi'h  separates  thia  lake  from  llie  Falls  of  Niagara,  and 
Ko  is  the  bottom  of  everj-  one  of  the  lakes  below  the  shallows  ia 
the  Btiuits  or  rivers  that  coimeot  them  as  a  chain.  We  may 
presume  Ihat  the  water  at  the  bottom  of  everj-  eitcnsivo  and 
quiet  flieet  of  water,  whether  salt  or  fresh,  is  at  the  bottom 
by  reason  of  specific  graTity ;  but  that  it  does  not  remain  them 
for  ever  we  hare  abundant  proof.  If  bo  the  Kiagara  River 
would  be  fed  by  Lake  Erie  only  from  that  layer  of  water  which 
is  above  the  level  of  the  top  of  the  rock  at  the  Falls,  Con- 
sequentJy.  wherever  the  breadth  of  that  river  is  no  greater 
than  it  is  at  the  Falls,  we  should  have  a  current  as  rapid  as 
it  is  at  the  moment  of  passing  the  top  of  the  rock  to  make 
the  leap.  To  see  that  such  is  not  the  way  of  Nature,  we 
have  but  to  look  at  any  common  mill-pond  when  the  water 
ia  running  over  the  dam.  The  current  in  the  pond  that  feeds 
the  overflow  is  scarcely  perceptible,  for  "  still  wat^r  rnnB 
deep."  Moreover,  we  know  it  is  not  such  a  skimming  cnri'eiit 
OH  the  geologist  would  make,  which  runs  from  one  lake  to 
another:  for  wherever  above  the  Niagara  Falls  the  water  is 
deep,  there  we  are  sure  to  find  the  current  sluggish,  in  ooiu- 
porison  with  the  rate  it  aasuraes  as  it  ajiproachee  tlie  Fnlla ;  and 
it  is  slii^iHh  in  dei^p  places,  rapid  in  shallow  ones,  because  it  is 
fed  from  below.  The  common  "  wastes  "  in  our  canals  loach  na 
this  fact. 

388  7^1!  hiirs  ai  the  mouOia  of  (he  Minmsiiljipt  an  tUuxfrnlim. — Tbf 
reasoning  of  ihin  celebrated  geologist  appears  In  be  founded 
upon  the  assumption  that  when  water,  in  conseqiionco  of  ita 
specific  gravity,  once  sinks  below  the  bottom  of  a  current  whora 
it  is  shallowest,  there  is  no  foree  of  traclim.  so  to  s)ieuk,  in  fluids, 
nor  any  other  power,  which  onn  draw  this  heavy  water  up  ogidn. 
If  such  were  the  case,  wo  could  not  have  deep  wat«r  immediat«ly 
inside  of  the  bars  which  ohstinct  the  passage  of  the  great  rivnv 
into  the  sea :  thu  bar  at  the  mouth  of  tlie  Mississippi,  with  ooty 
fifteen  feet  of  water  on  it,  is  estinmted  to  travel  oiil  to  sea  at 
ral«s  varying  from  twenty  lo  one  hundred  yards  a  year.  In  the 
place  where  that  bar  was  when  it  was  one  thousand  yards  nearer 
to  New  Ork-ans  than  it  now  is,  whether  it  were  fifti'eu  years  oga 
or  a  century  ago,  with  only  fiRcon  or  sizteisn  feet  of  water  oa  it, 
we  have  now  four  or  five  limes  ihnt  deptii.     As  now  bars 
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i»ely  formed  seaward  from  the  old,  wliat  dug  np  the 
iniont  which  formed  ihe  old,  and  lifted  it  up  from  where 

icifiti  gravity  ha<.l  placed  it,  aud  carried  it  oat  to  eea  over  a 
■e  than  a  few  feet  from  the  surface  ?  Indeed,  Sir 
Charles  him^^elf  makes  this  majestic  stream  to  tear  up  ils  own 
bottom  to  depths  iar  below  the  top  of  the  bar  at  its  mouth.  He 
dcKcribes  the  Miesittiiippi  aa  a  river  having  nearly  a  uniform 
breadth  to  the  distance  of  two  thousand  miles  from  the  sea.*  He 
makes  it  cut  a  hed  for  itself  out  of  the  soil,  which  is  heavier  than 
Admiral  Smyth's  deep  sea  water,  to  the  depth  of  more  than  two 
hundred  feetf  below  the  top  of  the  bar  which  obstructs  its  en- 
trance into  the  sea.  Could  not  the  same  power  which  scoops  out 
this  solid  matter  for  the  Mississippi  draw  the  brine  up  from  the 
pool  iu  the  Mediterranean,  and  pass  it  out  across  the  barrier  in 
the  StRtite?  I'he  currents  which  run  orer  the  bars  and  sboala 
in  oar  rivers  are  fed  from  the  pooU  above  with  water  which  we 
know  comes  from  de]>ths  far  below  the  top  of  such  bars.  The 
breadth  of  the  river  where  the  bar  is  may  be  the  same  as  its 
breadth  where  the  deep  pool  is,  yet  the  current  in  the  pool  may 
be  uo  sluggibh  as  scarcely  to  be  perceptible,  while  it  may  dash 
over  the  bur  or  down  the  rapids  with  mill-tail  velocity.  AVere 
the  brine  not  drawn  out  again  from  the  hollow  places  in  the  sea, 
it  would  be  easy  to  prove  that  this  indraught  into  the  Mediter- 
ranean has  taken,  even  during  the  period  assigned  by  Sir  Charles 
to  the  formation  of  the  Delta  of  the  Mississippi — one  of  the 
newest  foi  uiations — salt  enough  to  fill  up  the  whole  basin  of  llio 
Meditorraucan  with  solid  matter.  Admiral  Smyih  brought  np 
bottom  wiili  his  briny  sample  of  deep  sea  wattr  (six  hundred 
and  seventy  falhoms).  but  no  salt  crystals. 

389.  Vieteg  of  Adtairtd  Sgigth  and  Sir  C.  Lydl.—lh.a  gallant 
admiraJ^ — appearing  to  withhold  his  assent  both  from  Dr.  TpVol- 
IriHlon  in  hia  cdnclusions  as  to  this  under  current,  and  from  the 
^'■ologihl  in  hiu  inferenoea  am  to  the  effect  of  the  barrier  in  the 
.^traits — BUgsests  the  prohubility  that,  in  sounding  for  the  heavy 
:imou   of  sea   water,  he   struck  a  brine  spring.     Hut  the 

Frnin  ntnr  its  month  M  tha  Belize,  a  Bteam-hoat  may  aecend  fur  two  lliciU' 
miles  with  Bcarouly  any  ptfctptiblB  dlffurence  in  tLe  width  of  the  rivw." — 
p.  SIB. 
t  "The  Miasikoippi  is ponlinuBllj shifting  ilBWHiree  in  tlic  RTMilnlluvud  plain, 
titrtting  flui)  neatly  to  Die  Jepth  of  one  haiulrtiil,  and  even  BonicUniel  to  tbedotitll 
«f  two  hunilial  Had  fifty  feet"— i*eH  p.  273. 
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tpocimen,  aocording  to  analysis,  <n-a£  nf  sea  water,  and  it  is  not 
necessary  to  call  in  tlie  supposition  of  a.  brine  spring  to  accoont 
fnr  this  heavy  specimen.  Jf  we  admit  the  principle  astnimed  by 
ijir  Cliarlea  Lyell,  that  water  &om  the  great  pools  and  basiua  of 
the  sea  can  never  usocnd  to  cross  the  ridges  whioh  form  these 
jioola  and  basins,  then  the  harmonies  of  the  sea  are  gone,  and  we 
are  forced  to  conclude  thoy  never  existed.  Every  particle  of 
water  that  sinks  below  a  submarine  ridge  is  i^mo  facio,  by  his 
reasoning,  stricken  from  the  channels  of  circulation,  to  beooue 
thenceforward  for  ever  motionlees  matter.  The  consequence 
would  be  "cold  obstruction"  in  the  depths  of  the  sea,  and  a 
system  of  circulation  between  different  seas  of  the  waters  onlj* 
that  float  above  the  shoalest  reets  and  barriers  of  each.  If  the 
water  in  the  depths  of  the  sea  were  to  be  confined  there— doomed 
to  everlaating  repose, — then  why  was  it  made  fluid,  or  why  was 
the  sea  made  any  deeper  than  just  to  give  room  for  its  suriace 
currents  to  skim  along?  If  water  once  below  the  reefs  and 
ehallowB  must  remain  below  them,— why  were  the  depths  of  the 
ocean  filled  with  fluid  instead  of  solid  matter?  Doubtless,  when 
the  seitH  were  meiiBured  and  the  mountains  stood  in  the  balanoe, 
the  solid  and  fluid  matters  of  the  earth  were  adjusted  in  exact 
proportions  to  insure  perfeotion  in  the  terrestrial  machinery.  1 
do  not  believe  in  the  existence  of  any  such  imperfect  mechanism, 
or  in  any  such  failure  of  design  as  the  imparting  of  Uheleee  pro- 
perties to  matter,  such  as  fluidity  to  that  which  is  doomed  lo  faa 
stationary,  would  imply.  To  my  mind,  the  proofs — the  theoreti- 
cal proofs, — the  proofs  derived  exclusively  from  reason  and 
analogy — are  as  clear  in  favour  of  this  under  current  from  Uib 
Mediterranean  as  they  were  in  favour  of  the  existence  of 
Leverrier's  planet  before  it  was  eeen  through  the  telescope  at 
Berlin.  Now  suppose,  as  Sir  Charles  Lyell  maintains,  that  nonfr 
^f  these  vast  quantities  of  salt  which  this  surface  current  labea 
into  the  Mediterranean  find  their  way  out  again.  It  would  not 
be  diSicult  to  show,  even  to  the  satisfaction  of  that  eminent 
geologist,  that  this  indraught  conveys  salt  away  from  the  Atlantic 
faster  than  all  the  /rc«A-water  streams  empty  fresh  sitppliea  uf 
Halt  into  the  ocean.  Now,  besides  this  drain,  vast  quantities  of 
(.alls  are  extracted  from  sea  water  for  coral  reefs,  shell  banke^ 
and  murl  beds :  and  by  such  reasoning  as  this,  which  is  perfectly 
Bonnd  and  good,  we  establish  the  existence  of  this  under  currentt 
or  else  we  are  forced  to  the  very  nnphilosophioal  o 
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the  Bea   most  be  losing  iU  Gaits,  and  becoming  less  anO  less 

3UP.  T^ie  currenta  of  the  Indian  Ocean. — By  carefully  examining 
the  phyEioal  features  of  this  sea  (Plates  VIII.  nnd  IX.)  und 
Rladjing  its  conditions,  we  are  led  to  look  for  warm  cun-eniK  thul 
havii  their  genesis  in  this  ocean,  and  that  carry  from  it  voltinies 
of  overheated  water,  probably  enceeding  in  quanUly  many  times 
Uutt  which  is  discharged  by  the  Gulf  Stream  from  it;*  fountains 
(PUte  VI.),  The  Atlantic  Ocean  is  open  at  the  norlh,  but  tropical 
connlrios  bound  the  Indian  Ocean  in  tlint  direction.  The  waters 
of  this  ocean  are  hotter  than  those  of  the  Caribbean  Sea.  and  the 
evaporating  force  there  (5  UOO)  is  much  greater.  That  it  b 
greater  we  miglit.  without  observation,  infer  from  the  fact  of  & 
higher  temperature  and  a  greater  amount  of  precipitation  on  the 
neighbouring  shores  (S  293).  These  two  facts,  taken  together, 
tend,  it  wonld  seem,  to  show  that  large  oniTonts  of  warm  water 
bare  their  genesis  in  the  Indian  Ocean.  One  of  them  is  the 
wetl-known  Mozambique  current,  called  at  the  Cape  of  Good  Hope 
tiie  liftgulhas  current.  Another  of  these  warm  currents  from  the 
Indian  Ocean  makes  its  escape  through  the  Straits  of  Malacca, 
and.  beting  joined  by  other  warm  Htreams  from  the  Java  and 
China  Seas,  flows  out  into  the  Pacific,  like  another  Gulf  Sti'eam. 
between  the  Philippines  and  the  Khores  of  Asia.  Thence  it  at- 
iiimptA  the  great  circle  route  for  the  Aleutian  Islands,  tempering 
1  limates,  and  losing  itsell'  in  the  sea  aa  its  waters  grow  cool  on 
Irs  route  tn wards  the  north-west  aiasl  of  America. 

391.  The  Blade,  Stream  of  Dm  Paeifie  contraeled  mlh  Che  Oulf 
airram  of  Ihr  Atlantic. — Between  the  physical  features  of  this,  tim 
■■Black  Stream"  of  the  Pacific,  and  ilie  Gulf  Stream  of  the 
Atluntic  there  are  several  points  of  I'esemblonce.  ijuniatia  and 
Malacca  correspond  to  Florida  and  Cuba  :  Borneo  to  the  Bahamas, 
with  the  Old  Pi-ovidence  Channel  to  the  Buuth,  and  the  Florida 
Paaa  to  the  west.  The  coasts  of  China  answer  to  those  of  the 
UnituI  States,  the  Philippines  to  the  Bermudas,  the  Japan 
liijiindtt  to  Kewfcmndland.  Aa  with  the  Gulf  Streani,  ho  bIbo 
hero  with  this  China  current,  there  is  a  coimter  current  of  cold 
water  between  it  and  the  shore.  The  climates  of  the  Asiatia 
coast  correspond  with  those  of  Amciica  along  the  Ailantiu.  and 
tiiose  of  Columbia,  Wasliington,  and  Vanoouver  resemble  those 
of  Woetem  Europe  and  Uie  Britislt  Islands;  the  cituinto  of  Cali- 
fomiu  (State)  resembles   that  of  Spain;    the  mndy  pliiiiw  n 
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reinlesB  regions  of  Lower  California  remioding  one  of  Africa, 
wilh  ite  deserte  between  the  same  parallels,  etc.  MoreoTer,  the 
Uorth  Pacific,  like  the  North  AUnntic,  is  enveloped,  where  th«M 
warm  waters  go,  with  miHls  and  fogs,  and  streaked  with  ligihtniiig. 
The  Aleutian  IjOiinds  are  almost  a;^  renowned  for  fogs  and  miata 
aa  are  (ho  Grand  Banks  of  Newfoundland.  A  surface  current 
flows  north  from  Behring'fi  Strait  into  the  Arctic  Sea :  bat  in  the 
Atlantic  the  curreut  is  from,  not  into  the  Arctia  Sea :  it  fiowi 
sonth  on  the  surface,  north  below ;  Behring's  Strait  being  too 
shallow  to  admit  of  mighty  under  ciirreniB,  or  to  permit  the  in- 
troduction from  the  polar  basin  of  any  lai^  icebergs  into  the 
Pacific.  Bebring's  Strait,  in  geographioal  position,  answers  to 
Davis'  Strait  in  the  Atlantic  ;  and  Alaska,  with  its  Alentiu 
chain  of  islands,  to  Greenland.  But  instead  of  there  being  to  the 
east  of  Alaska,  as  there  is  to  the  east  of  Greenland,  an  escape  into 
the  polar  basin  for  these  warm  waters  of  the  Pacific,  a  shord-line 
intervenes :  being  cooled  here,  and  having  their  specific  gravi^ 
changed,  they  are  tunied  down  through  a  sort  of  North  Sea  along 
the  western  coast  of  the  continent  toward  Mesico.  They  appear 
hero  as  a  cold  cnrrent.  The  effect  of  this  body  of  cold  wator 
npon  the  littoral  climate  of  California  ia  very  marked.  Baiif 
cool,  it  gives  freshness  and  strength  to  the  sea  breeze  of  that 
ooast  in  summer-time,  when  the  "  cooling  sea  breeze "  is  nKMt 
grateful.  These  contrasts  show  the  principal  points  of  reaem 
blancd  and  of  contrast  between  the  cnnenta  and  aqueous  cironla- 
tion  in  the  two  oceans.  The  ico-bearing  currents  of  the  Noitk 
Atlantic  are  net  repeated  as  to  voiume  in  the  North  PacifiOi  for 
fhere  is  no  nursery  for  icebergs  like  the  frozen  ocean  and  ita 
Atlaiitean  arnia.  llie  seas  of  Okotsk  and  Kamtschatka  al(ni«,aBd 
not  the  frozen  neas  of  the  Arctic,  cradle  the  icebergs  for  tlB 
North  Pacific. 

392.  Tlie  Ijotfidhaa   Currenl  and  Oie  «toTO»  of  the   Gaps. — H* 
IiaguDiAH  rniTTCnt,  as  the  Mozambique  is  sometimes  called,  skiril 
ihe  coast  of  Nalal  as  our  Gulf  IStream  does  the  coast  of  GeoT^^ 
where   it  giTes   rise    to  the  most  grand  and  terrible    displ^ 
of   thnnder    and    lightning    that    are    anywhere    else    to    bf 
witnessed.      Misaionoines  thence  repurt  to  me   the  occurrenca 
lliere  of  thunder-storms  in  which  for  hours  consecutively  tbf  I 
have  seen  an   uninicrrupted   Maze   of  lightning,   and   heard  ■  I 
inintinuous  peal  of  thunder.     licaching  the  Lagulhas  batUca,  tkal 
cunent  spveads  itself  out  there  in  the  midst  of  cooler 
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and  becomes  tho  centre  of  one  of  tbe  moat  remarkable  storm- 
regions  in  the  world.  My  friend  and  fellow-laboui'er,  Lieut. 
Andran  of  the  Dutch  Navy,  has  mode  the  storms  upon  these 
banks  a  specialty  for  study.  He  bos  pointed  out  from  the 
abstract  logs  at  Utrecht  the  existence  there  of  some  ciirions  and 
interesting  atmospherioal  phenomena  to  which  this  body  of  warm 
water  gives  riBe.  The  atorrafl  that  it  calls  np  come  rushing 
from  the  westward  ; — sweeping  along  parallel  with  the  coiutt  of 
Africa,  they  curve  along  it.  Though  so  near  the  land,  they 
seldom  reach  it,  Thoy  march  into  these  warm  waters  witb 
iiirioua  speed  ;  reaching  Ihoiu  with  a  low  barometer,  they  pause 
and  die  out.  That  officer  has  conferred  a  boon  upon  the  Indiamen 
of  all  flags,  for  he  has  taught  them  how  to  avoid  the«6  dreadful 
winter  Btorms  of  the  Capo. 

333.  He  airrent*  and  drift  of  the  Iitdian  Oceau. — There  is  some- 
times, if  not  always,  another  exit  of  warm  water  from  the  Indian 
Ocoan.  It  seema  to  be  an  overflow  of  the  great  intertropical 
oaldron  of  India ; — seeking  to  escape  thence,  it  works  its  way  pole- 
ward more  as  a  drift  than  as  a  current.  It  is  to  the  Mozambique 
onrrent  what  the  northern  flow  of  warm  waters  in  the  Atlantic 
(S  141)  is  to  tbe  Gulf  Stream.  This  Indian  overflow  is  very 
large,  Tho  beat  indication  of  it  is  afibrded  by  the  sperm  wbale 
ctinfe  (Plat©  IX.).  This  overflow  finds  its  way  south  midway 
between  Africa  and  Australia,  and  appears  to  lose  itself  in 
passing  ronnd  a  sort  of  Sargasso  Sea,  thinly  strewed  with  patches 
of  weed.  Nor  need  we  be  surprised  at  such  b  vast  flow  of  warm 
watE-r  OS  these  three  currents  indicate  from  the  Indian  Ocean, 
when  we  reoollect  that  this  ocean  (S  392)  is  land-locked  on  the 
north,  and  that  the  temperature  of  its  waters  is  frequently  as 
high  as  00°  Ffthr.  There  must,  therefore,  be  immense  volumes 
of  water  flowing  into  tbe  Indian  Ooean  to  supply  tbe  wastt- 
created  by  these  warm  currents. 

-394.  Theie^ieaTingeurreaU  from  IheAntaretie  region*.— On  thither 
side  of  this  warm  curr^it  that  escapes  from  the  intertropical 
p^irts  of  the  Indian  Ocean,  but  especially  on  the  Australian  side, 
an  ice-bearing  current  (Plate  IS.)  is  fonnd  wending  its  way 
frinm  tho  Antarctic  regions  with  supplies  of  cold  wat*r  to  modify 
i-limates  and  restore  the  aqueous  equilibrium  in  that  part  of  the 
norld.  There  is  a  general  drift  up  into  the  South  Atlantic  of 
i.'rvbeariog  watora  from  Antarctic  seas.  Tho  ipeboi^  brought 
thence,  being  often  very  largo  and  high,  are  fct  to  the  eai)twa,rd 
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by  the  "brave  west  winds  "of  those  regions.  Hence  tho  icebergi 
that  aro  eo  often  Been  to  the  south  of  the  Cape  of  Good  Hope. 
They  BOt  off  for  the  Atlantic,  bnt  iiro  driven  to  tho  ea^waid  by 
the  west  winds  of  thesB  latitiidea.  The  Gidf  Stream  eeldom 
permits  icebergs  from  Arctic  waters  to  reach  tho  parallel  of  40° 
in  the  North  Atlantic;  but  I  have  known  the  ice-bearing  tnirrenl 
which  passes  east  of  Cape  flom  into  the  Sonth  Atlantic  to  oon-vtif 
its  bergs  as  far  as  the  parallel  of  37°  sonth  latitude.  This  is  tlw 
nearest  appi-oach  of  icebergs  to  the  equator.  These  ciirreoU 
which  mn  ont  from  the  intertropical  basin  of  that  immense  sea- 
Indian  Ooean — convey  along  immense  volumes  of  water  contain- 
ing vast  quantities  of  ealt,  and  we  know  that  sea  water  enoagh  to 
ooDvey  back  equal  quantities  of  salt,  and  salt  to  keep  up  snppliM 
for  tho  outgoing  currents,  most  flow  into  the  intertrupical  re^oa 
of  the  same  sea ;  therefore,  if  obsen-ationa  were  silent  ixpaa  ih* 
subject,  reason  would  teach  us  to  look  for  currents  here  tlul 
keep  in  motion  immense  volumes  of  water. 

395.  The  currejUi  of  Oie  Faeifie — diijl-ieood. — The  coQtntet  hit 
been  drawn  {§391}  between  the  Japan  or  "  Black  Stream  "«( 
the  North  Pacific,  and  the  Gnlf  Stream  of  the  North  Atlantia 
The  conrse  of  tho  former  baa  never  been  satisfactorily  trucodoot. 
There  is  {Plate  IX.),  along  the  coajrt  of  California  and  Mexico, 
80Uthwai-dly  movement  of  waters,  as  there  is  along  the  w»I 
coast  of  Africa  towards  the  Capo  de  Verd  Islands,  In  tho 
space  west  of  this  Boutbwordly  net  along  the  African  coast  that 
is  the  iamous  Sargasso  Sea  (Plate  IX.),  which  is  the  gt 
receplttclo  of  the  drift-wood  and  sea-weed  of  the  Atlantic, 
in  like  manner,  to  the  west  from  California  of  this  otlier  I 
wardly  sot,  lies  tho  pool  into  which  the  drift-wood  and  sea' 
of  the  North  Facifio  are  generally  gathered,  bnt  in  suiall  qnuli> 
ties.  The  shores  of  Johnston's  Islands  (17°  N.,  109°  atf  WJl 
which  are  near  the  edge  of  this  pool,  are  lined  with  drift-i 
from  the  Columbia,  and  the  red  cedar  of  California, 
immense  trees  that  have  been  cast  np  on  these  guano  i^ 
wore  probably  drifted  down  with  the  cool  California  current 
tho  north-east  trades,  and  by  them  wafted  along  to  the  woat. ' 
showing  that  the  cuirents  of  tho  North  Pacific  flow  in  »  ao 
iiircle,  on  Ibe  outer  edge  of  which  lie  the  Japoneijo  and  Alcsfil 
Islands,  and  the  north-west  coast  of  America. 

31(5.   The  Blaek  Current  of  the  Padjie,  lil:e  lie  Gal f  Stream, 
tfian  the  adJac&U  waterg. — The   natives  of  tho  Aleutian 


orBBE!JTS   or  TBB  StA.  IDT 

ire  no  trees  grow,  depend  npoa  the  drift-wood  cast  ashore 
for  all  the  timber  used  in  the  constructiun  of  their  boats, 
^fehing-tackJe,  and  houiicbold  goar.  Among  this  timber,  the 
camphor-tree,  and  otber  woods  of  China  and  Ja]wD.  aro  said  to 
be  often  recognised.  In  this  fact  we  have  additional  evidence 
tonchitjg  this  China  Slrootn,  as  to  which  {§  S'id)  but  little,  at 
best,  u  known.  "  The  Japtineso,"  suys  Lieutenant  Bent,*  in  a 
paper  read  before  the  American  Geographical  Society,  January, 
I8J6,  "are  well  aware  of  its  existence,  and  have  given  it  the 
name  of  '  Knro-Siwo,'  or  Black  Stream,  which  is  nndoubtedly 
derived  from  the  deep  blue  colour  of  its  water,  when  compared 
with  that  of  the  adjacent  ocean."  From  thiti  we  uiiiy  infer  (§  71 ) 
that  the  blue  waters  of  this  China  Stream  also  oontain  moi'O  salt 
than  the  neighbouring  waters  of  the  sea. 

afl".  The  cold  eurmt  of  Okotek. — Inshore  of,  but  counter  to 
the  "  Black  Stream,"  along  the  eastern  shores  of  Asia,  is  found 
0  301 )  a  streak  or  layer,  or  current  of  cold  water  answering  to 
that  between  the  Gulf  Stream  and  the  American  coast.  This 
current,  like  its  fellow  in  the  Atlantic,  is  not  strong  enough  at 
all  times  sensibly  to  afioct  the  course  of  navigation ;  but,  like 
that  in  the  Atlantic,  it  is  (be  nurGciy  (§  158)  of  most  valuable 
fisheries.  The  fisheries  of  Japan  are  nearly  as  extensive  as 
those  of  Newfoundland,  and  the  people  of  each  country  are 
indebted  lor  their  valuuble  supplies  of  excellent  fish  to  the  cold 
waters  which  the  currents  of  the  sea  bring  down  to  their  shores. 
3!}8.  Eumboidfa  Currtmi.— The  currents  of  tlie  Pacific  are  but 
little  understood.  Among  tboso  about  which  moat  is  thought  to 
be  known  is  the  Humboldt  Current  of  Peru,  which  the  great  and 
good  man  whose  tmniQ  it  bears  was  the  first  to  discover.  It  has 
been  traced  on  Plate  IX.  according  to  the  best  infonnation — 
defective  at  best — upon  the  subject.  This  current  is  felt  as  far 
as  the  equator,  mitigating  the  r.iinlo8S  climate  of  Peru  as  it  goes, 
and  makiug  it  dtdightfid.  The  Andes,  with  their  snowcaps,  on 
one  side  of  the  nairow  Pacific  alopcH  of  this  intertropical  republic, 
and  the  current  from  the  Antarotio  rpgicjns  on  the  other,  make  its 
climate  one  i:if  the  most  remarkable  in  the  world;  for,  though 
turrid  as  to  latitude,  it  is  such  as  to  temperature  that  clothes 
ii'u  seldom  fellas  opprensive  during  any  time  of  the  year, 
.  -j.ecially  after  nightfall. 

*  Liuutuiiiuit  Bent  iiaa  io  t!u>  jHpaii  ElipeiitioQ  with  Oommodore  Penyi  and 

the  opportunities  thus  affiinled  tn  stody  the  phi^nmenn  01  this  Htrmni, 
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399.  2S«  "deiolate"  region. — Between  lluruboldt's  Current  and 
the  great  equatorial  fluw,  there  ia  ao  area  marked  as  the  "  desolate 
region,"  Plata  IX.     It  was  observed  thut  this  part  of  the  ocean 
was  rarely  visitfld  by  the  whale,  either  sperm  or  right ;   why,  it 
did  not  appear  ;   but  observationB  asserted  the  fact.     Formerly, 
this  part  of  the  ocean  was  seldom  whileoed  by  the  sails  of  a  ship, 
or  enlivened  by  the  presence  of  man.      Neither  the  induatriaJ    I 
pursuits  of  the  sea  nor  the  btghways  of  commerce  called  him    i 
into  it.      Now  and   then  a  roving  cruiser  or  ao  ent«rpriBiiig 
whale-man  passed   that  way;    but  to  all   else  it  was  an  un- 
frequented part  of  the  ocean,  and  bo  remained  until  the  gold-    . 
fields  of  Australia  and  the  guano  islands  of  Peru  made  it  a    ' 
thoroughfare.    All  vessels  bound  from  Australia  to  South  America 
now  pass  through  it,  and  in  the  journals  of  some  of  them  it  is 
desoribed  as  a  region  almost  void  of  the  signs  of  life  in  both  sea 
and  air.     In  the  South  Pacific  Ocean  especially,  where  there  i» 
such  a  wide  expanse  of  water,  seii-birds  often  exhibit  a  com-    ' 
panionship  with  a  veSGel,  and  will  fallow  and  keep  company  with 

it  through  storm  and  calm  for  weeks  together.  Even  those 
kinds,  as  the  albatross  and  Cape  pigeon,  that  delight  in  the 
stormy  regions  of  Cape  Horn  and  the  inhospitable  climates  ot 
the  Antarctic  regions,  not  unfroquontly  accompany  vessels  into 
the  perpetual  summer  of  the  tropics.  The  sea-birds  that  join 
the  ship  as  she  clears  Australia  will,  it  is  said,  follow  her  to  tJiis 
region,  and  then  disappear.  Even  the  chirp  of  the  stormy-j>etr«l 
ceases  to  be  heard  hero,  and  the  sea  itself  is  said  to  be  singulaily 
barren  of  life. 

400.  Pofynefian  driji. — In  the  intertropical  regions  of  the 
Pacific,  and  among  the  heated  waters  of  Polynesia,  a  wanu 
current  or  drift  of  immense  volume  has  Its  genesis.  It  ratbar 
drifts  than  floats  to  the  south,  laving  as  it  goes,  the  eastern  ahon 
of  Australia  and  both  shores  of  New  Zealand.  These  are  th« 
waters  in  which  the  little  corallines  delight  to  build  their  atoUa 
and  their  reefs.  The  intertropical  seas  of  the  Pacific  aSotd  an 
immense  surface  for  evaporation.  No  rivers  empty  there ;  the 
annual  fall  of  rain  there,  except  in  the  "  Equaloriul  Doldrums,"  is 
email,  and  tlie  evaporation  is  all  that  both  the  north-east  and 
the  Bouth'Oast  trade-winds  can  tjike  up  and  carry  ofi'.  1  have 
marked  on  Plate  IX.  the  direction  of  the  supposed  warm-water 
current  which  conducts  these  over-heated  and  briny  waters  from 
the  tropics  in  mid-ocean  to  iha  extra- tropical  regions    nhero 
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fwMipitation  is  in  ext-ess.  Here,  being  cooled,  aiid  agitated, 
nod  mixed  iip  witli  waters  tliut  ftre  Icbh  salt,  thexe  pvor-heated 
anil  over-suited  wulera  from  the  tropica  are  repleui^hed  and 
restored  to  tbeir  roiinda  ia  the  wouderfal  e^'etetn  of  ooeaDio 

401.  Equatorial  eitrrents. — There  are  also  about  Ihe  equator  in 
tliis  ocean  some  curious  cuireuts,  which  I  have  called  the 
"  Doldnun  Cnrrent«  "  of  the  I'tioifio,  but  which  I  do  not  under- 
stand, and  as  to  which  obiwrvationa  are  not  sufficient  yet  to 
afibrd  iho  proper  osplanation  or  description.  There  are  many 
of  them,  some  of  which  at  times  run  with  great  force.  On  a 
voyage  &om  the  Society  to  the  Sandwich  Islands  I  eucoimtered 
one  nmning  at,  the  rate  of  ninety-six  miles  a  day.  Tbeso  currents 
are  generally  found  setting  to  the  west.  They  are  often,  but 
not  always,  encountered  in  the  equatorial  Doldrums  on  tlie 
voyage  between  the  Society  and  the  tiandwich  Islande.  In  Cap- 
tain Pichon's  abstract  log  of  the  French  corvette  "  L'Enrydice," 
from  Honolulu  to  Tahiti,  in  Auguiit,  IS.'iT,  a  "  doldrum  "  current 
is  recorded  at  79  miles  a  day  west  by  north.  He  encountered  it 
between  I''  N.  and  4'  8..  where  it  was  300  miles  broad.  On  the 
voyage  to  Honolulu  in  July  of  the  same  year,  he  experienced  no 
such  current ;  but  in  fi"  N.  he  encountered  one  of  36  milen, 
setting  south-east,  or  nearly  in  the  opposite  direction.  This 
current  does  nut  appear  to  have  been  more  than  60  miles  broad. 
What  else  should  we  expect  in  this  ocean  but  a  system  of  currents 
and  oount«r-cuiTenta  apparently  the  most  uncertain  and  oompli- 
caled?  The  Tacific  Ocean  and  the  Indian  Ocean  may,  in  iho 
view  wo  are  about  to  take,  bo  considered  as  one  sheet  uf  watei. 
This  sheet  of  water  covers  an  area  quite  equal  in  extent  to  one- 
half  of  that  embraced  by  the  whole  surface  of  the  earth ;  and, 
aocording  to  TrofesEor  Alexander  Keith  Johnston,  who  so  states 
it  in  the  new  edition  of  his  splendid  Physical  Atlas,  the  total 
annual  fall  of  rain  on  the  earth's  surface  is  one  hundred  and 
eighty-six  thousand  two  hundred  and  forty  cubic  imperial  miles. 
Not  le«B  than  three-fourths  of  the  vapour  which  makes  this 
comes  fiom  this  waste  of  waters  ;  but  supposing  that  only  half  of 
this  quantity,  i.e.,  nvnety-thr^e  thousand  one  hundred  and  twenty 
cubic  miles  of  rain  falls  upon  this  sea,  and  that  that  much,  at 
least,  is  taken  up  from  it  again  as  vapour,  this  would  give  two 
hundred  and  fifly-five  cubic  miles  aa  the  quantitj- of  water  which 
18  daily  lifted  up  and  poured  back  again  into  this  expanse.     It  ih 
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tuken  up  at  one  place  and  rained  down  at  aiiolier,  i 

proceaB.  therefore,  we  have  agenoies  i'or  miiltitudea  of  partial  utd     I 
conflioting  cnrrents— all  in  their  set  aad  strength,  apparently  as 
uncertain  as  the  winds. 

402.  The  ii^fiuence  of  raint  and  emparaiion  upon  currentt. — The 
better  to  appreciate  the  operation  of  such  ageDoies  in  producing 
CTiirenta  in  the  sea,  now  here,  now  there,  first  this  way,  and  then 
that,  let  na.  by  way  of  illustration,  im^iae  a  district  of  two 
hundred  and  flftj'-five  square  miles  in  extent  to  be  set  apart,  in  | 
the  midat  of  the  Pacific  Ucean,  as  the  scene  of  operations  fur  one 
day.  We  must  now  conceive  a  machine  capable  of  pumpiug  np, 
in  the  twenty-four  hours,  all  the  water  to  the  depth  of  one  mile 
in  this  district.  Tbo  machine  must  not  only  puiup  up  and  beat  , 
aS  this  immense  quantity  of  water,  but  it  must  discharge  it  again 
into  the  eea  on  the  same  day,  but  at  some  other  place.  Now 
here  is  a  force  for  creating  ourrente  that  is  equivalent  i 
results  to  the  effect  that  would  be  piwluced  by  baling  up,  in 
twenty-four  hourB,  two  hundred  and  fifty-five  cubic  miles  of 
water  from  one  part  of  the  Pacific  Ocean,  and  emptying  it  oat 
again  upon  another  part.  The  currents  that  would  bo  created 
by  Buoh  an  operation  would  overwhelm  navigation  and  desolatd 
the  sea ;  and.  happily  for  the  human  race,  the  great  i 
spherical  machine  which  actually  does  perform  every  day,  o 
average,  all  this  lifting  up,  transporting  and  letting  down  of 
waler  upon  the  face  of  the  grand  ocean,  does  not  confine  itaolf  to 
an  area  of  two  hundred  and  fifty-fivo  square  miles,  but  to  an 
area  three  hundred  thuuitand  limes  as  great ;  yet,  nevertheleaa, 
the  same  quantity  of  water  is  kept  in  motion,  and  the  currents,  is 
tbe  aggregate,  tranRport  as  much  water  to  restore  the  equilibrium 
as  they  would  have  to  do  were  all  the  disturbance  to  take  place 
upon  our  hypothetical  area  of  one  mile  deep  over  the  space  of 
two  hundred  and  fifty-fivo  square  miles.  Now  when  we  come  to 
recollect  that  evaporation  is  lifting  up,  that  the  winds  are  t 
porting,  and  that  the  clouds  are  letting  down  every  day  actnally 
such  ft  body  of  water,  wo  are  reminded  ihat  it  is  done  by  littls 
and  little  at  a  place,  and  by  hairs'  breadths  at  a  time,  not  bjr 
parallel  op  ipedons  one  mile  thick,  and  that  the  evaporatio 
most  rapid  and  (he  rains  most  copious,  not  always  at  the  e 
place,  but  now  here,  now  there.  We  thus  see  actually  esistang 
in  nature  a  force  perhaps  quite  sufficient  to  give  rise  lo  just  8' 
a  system  of  currents  as  that  wbich  mariners  find  in  the  l*ik 
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(i  401) — onireDta  which  appear  to  rise  in  mid  ocean,  ran  at 
niieqiial  rat«s,  somctimea  east,  BometiniBs  west,  but  which  always 
lojo  theiuBelveB  where  thu^  rise,  viz.,  iu  tuid  ocean. 
'  40i.  Under  eurrenit — Parker't  deep-tea  tounding. — Lidutenwit 
b  C.  VValsh,  in  the  IT,  8.  schooner  "  Taney,"  and  Lieutenant 
I  P.  Lee,  in  iho  U.  S.  brig  "Uulphin,"  both,  while  they  wore 
a  Gy»tfim  of  ohBervatinna  in  oonneciion  with  the  Wisb 
D  CoRftKsiT  CilAiiTS,  hiid  tholr  att«ntion  directed  to  the  subject 
PBnbmarine  cnrrents.  They  made  aome  interesting  experiments 
Ion  the  gnbject.  A  block  of  wood  was  loaded  to  sinking,  And. 
.»  of  a  fishing- line  or  a  fait  of  twine,  let  down  tu  the  depth 
<if  uiie  liundredor  five  hundred  fathoms,  at  the  will  of  the  uxperi- 
tuenter.  A  smnll  barrel  as  a  float,  just  eiiEBcient  to  keep  the  block 
&oni  sinking  farther,  was  then  tied  to  the  line^  and  the  whole  let 
go  from  the  boat.  To  ime  their  own  expreasions,  "  It  was  wonder- 
ful, indeed,  to  aee  thia  bnrrega  move  off,  ^ainat  witid,  and  sea, 
and  surface  current,  at  the  rate  of  over  one  knot  an  hour,  aa  waa' 
genoiTiUy  tlie  cose,  and  rm  one  occaaiua  as  much  aa  IJ  knob;. 
The  men  in  the  bont  could  not  repress  eiclaaiations  of  surprise. 
for  it  rcully  appeared  as  if  some  monster  of  the  deep  had  hold  of 
the  weight  below,  and  was  walking  off  with  it."*  Both  ofiicerB 
and  men  were  amazed  at  the  sight.  The  eiperimenta  in  deep- 
sea  HoundingH.  have  alsu  thrown  much  light  upon  the  anbjuot  of 
under  currenls.  There  is  reason  to  believe  that  they  exist  in  all,  or 
almost  all  fiarts  of  the  deep  sea,  for  never  in  any  instance  yet  has 
the  dccpsea  line  ceased  to  run  out,  even  after  the  plummet  had 
reached  the  bottom.  If  the  line  be  held  fast  in  the  boat,  it  in- 
variably [larta,  showing,  when  two  or  three  miles  of  it  are  out, 
that  the  under  currents  are  sweeping  againat  the  bight  of  it  with 
wbat  seamen  call  a  tmg^ing  force,  that  no  sounding  twine  has  yet 
proved  strong  enough  to  withstand.  Lieutenant  J.  P.  I'arker,  of 
the  United  States  frigate  "Congi'eBS,"  attempted,  in  1862.  a  deep- 
se.T  Bounding  off  the  coast  of  i^outh  America.  He  was  engaged 
with  the  experiment  eight  or  nine  houra,  during  which  time  a 
lino  nearly  ten  milee  long  was  payed  out.  Sight  coming  on,  ho 
had  to  part,  the  line  (which  ho  did  simply  by  attempting  to  haul 
it  in)  and  return  on  board.  Examination  proved  that  the  ocean 
there,  instead  of  being  over  ten  mile»  in  depth,  wiis  not  over 
three,  and  that  the  line  was  swept  out  by  the  force  of  one  or 

*  Liratawuit  Wulah, 
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more  tinder  ciirreata.     But  in  what  direction  these  current  ware 
running  is  not  known, 

404.  jf^  eomprettibiUty  of  woter — effect  o/in 
tion. — Vertical  circulation  is  as  important  in  the  sea  iis  it  is  in 
the  air  (§  231).  Jn  striving  to  tmderstanii  the  physical  machinery 
of  our  planet  and  to  ooiuprehend  ita  norkings,  we  miut,  if  we 
would  learn,  proceed  upon  the  principle  (§  351)  tliat  at  creadon 
the  waters  were  measured,  the  hills  weighed,  and  the  atmob'pbei'e 
uieted  out,  and  that  each  waa  endowed  with  ita  pefiiliar  pro- 
pertiee  so  proportioned  and  so  adjusted  as  exactly  to  answer  its 
purposes  in  the  grand  design.  And,  consequently,  we  or©  wi- 
titled  to  infer  tluit  fluidity  instead  of  solidity  was  imparted  to  » 
certain  quantity  of  matter  which  we  call  water,  to  enable  it  to 
perform  the  offices  to  be  required  of  fluid  matter,  and  which,  in 
the  terrestrial  economy,  solid  matter  was  not  adapted  to  perfomi. 
By  this  mode  of  reasoning  we  are  taught  to  regard  the  fluidity  of 
all  the  water  in  the  eea  as  a  physical  necessity — and  by  this 
mode  of  reasoning  we  are  required  to  reject  as  insufBoient,  «ny 
hypothesis  touching  the  ayslom  of  aqueous  circulation  on  oiir 
planet  which  ignores,  even  in  the  profunndast  depths  of  the  ooeau, 
AD  interchange  of  ita  particles  between  the  bottom  and  the  top 
Were  such  interchange  not  to  take  placo^were  the  water  in  the 
sea  which  once  sinks  below  the  level  of  its  horizontal  circulatiou 
doomed  to  remain  there  for  ever,  it  would  not  be  difficult  to 
show  that  the  sea  would  lose  its  balance  and  ita  counterpoises ; 
that,  not  being  able  to  preserve  its  status,  the  water  at  tlie  bottom 
would  have  gi'own  heavier  and  heavier,  while  that  at  the  top 
woTild  have  become  lighter  and  lighter,  until  the  one  became 
saturated  with  salt,  the  other  entirely  fresh.  To  prevent  tbb 
state  of  things,  we  recognize  the  influences  of  the  winds  and  tidea, 
as  well  as  the  necessity  of  vertical  movements  in  the  seb 
Whence,  therefore,  let  us  inquire,  when  a  given  quantity  tf 
water  once  finds  its  way  to  llie  bottom  of  the  sea,  whence — sinoo 
it  goes  ihcre  by  virtue  of  its  own  specific  gravity,  whence  is 
power  to  be  derived  for  bringing  it  up  again?  for  sooner  or  later, 
according  to  this  view,  up  it  must  come.  We  thus  arrive  pre- 
cisely at  one  of  those  poinla  (§  287)  at  which  hypothesis  beooinn 
absolutely  necessary  if  we  would  make  further  progress.  Hen, 
therefore,  let  us  pause  to  search  among  the  physica  of  the  soa 
for  such  a  power  and  the  foundation  for  hypothesis.  Leslie  has 
pointed  out  exactly  such  a  jtower  for  the  atmospbei 


power  which,  after  the  heaviest  air  has  settled  at  the  botl«m  of 
its  subtile  sea — afUr  the  lightest  has  come  to  rest  at  the  top,  and 
the  wbolo  arranged  itself  according  to  epecific  gravily— can 
haul  that  which  is  below  Ut  the  top,  and  Keod  that  which  is  on 
the  lop  down  into  the  recesses  and  cavities  below.  Suppone  the 
entire  atmosphere  U>  be,  from  the  bottom  to  the  top.  nearly  of  the 

>Bame  temperature,  and  in  a  perfect  state  of  the  quiescent  eqai- 
librium,  and  that  from  some  cause  a  certain  volume  of  air  above 
kttB  itH  specific  gravity  so  changed  that  it  commenceB  to  descend. 
As  it  descends  the  pressure  upon  it  increases— and  air,  being 
oompreascd,  contracts  and  gives  out  heat.  A  like  volume  nsceuda 
to  take  its  place,  and  in  ascending  it  expands  and  grows  cool. 
Thus  the  total  mass,  and  the  total  pressure,  and  the  total  amount 
of  caloric  remain  the  same  ;  but  there  is  a  transfer  of  heat  from 
the  top  to  the  bottom,  by  which  the  equilibrium  of  the  mass  is 
destroyed,  and  a  force  established  at  the  bottom  of  the  atmo- 
spherical ocean  which,  with  the  assistance  of  an  agent  at  the  top 
to  alter  specifio  gravity,  is  capable  of  sending  up  the  heavy  air 
from  the  bottom,  of  drawing  down  the  light  from  the  top,  and  of 
turning,  in  course  of  time,  the  whole  atmosphere  upside  down. 
All  philosophers  acknowledge  the  power  of  this  omuipresent 
agent  in  the  air,  and  that,  by  alternately  ossumisg  the  latent  and 
the  sensible  form,  it.  to  say  the  least,  assists  to  give  to  the  atmo- 
sphere the  dynamical  force  required  for  its  aystem  of  vertical 
ciroulation  as  well  as  itM  horizontaL  So  with  water  and  the  ealt 
sea  where  we  do  have  an  agent  that  is  oontinuaily  altering  specifio 
gravity  at  the  surface.  Notwithstanding  the  Florentine  experi- 
ment upon  water  in  the  gold  ball,  it  has  since  heeu  abueduitty 
proved  that  water  is  compressible — so  much  so,  that  at  the  depth 
of  ninety-three  miles  its  density  would  be  doubled.  Conse- 
quently, a  given  quantity  of  water — such,  for  instance,  as  a  cubic 
foot  measured  at  the  sur&ce— would  not,  if  sank  to  the  depth  of 
funr  miles,  measure  a  cubic  foot  by  seventy-two  cubic  inches. 
Ab  a  rule,  the  compressibility  of  water  in  the  depths  of  the  seals 
one  percent,  for  every  1000  fathoms.  Here,  then,  in  the  latent 
heat  which  is  liberated  in  the  processes  of  descent,  have  we  not  a 
power  which  is  capable  of  sending  up  to  the  top  water  from  the 
attermost  depths  of  the  sea  ?  Suppose  that  this  cubic  measure  of 
water,  by  supplying  vapour  to  the  winds  at  the  surface,  to  have 
its  ealtness  so  increased  as  to  alter  its  specific  gravity  to  sinking : 
Like  the  air,  it  is  compressed,  and  contraots  in  its  descent,  nvin 
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,  raising  the  temperature,  &nd  changing  tlie  specific 
gravity  of  iiko  quantities  in  the  variouB  thermal  strata  through 
which  it  has  to  pass.  Thus  heat  is  conveyed  from  the  top  to  tbe 
bottum  of  the  sea,  there  to  he  liberated  and  impart  to  its  waten 
dynamical  force  for  their  upward  moTeraent.  This  is  the  power 
we  paused  to  search  for ;  whatever  he  ite  amount  it  ia  in  tite 
nature  of  a  vera  cauga,  and  we  must  therefore  recognize  it,  if  not 
aa  the  sole  agent,  neveiiheiess  ub  one  of  the  principal  agents 
which  Nature  employs  in  the  system  of  vertical  circulation  that 
has  been  ordained  for  the  waters  of  tho  sea. 

405.  At»uted  by  ite  mAa.— Now,  hut  for  the  snlte  of  the  sea 
this  process  could  not  go  on  so  long  as  the  laws  of  thennal 
dilatation  remain  as  they  are  for  BCa  water.  Unlike  fresh  water, 
which  expands  as  it  ie  cooled  below  a9°.5,  sea  water  contraota 
until  it  has  passed  its  freezing-point  and  attained  the  temperature 
of25°.6.*  Were  it  not  fur  its  salts,  aoa  water  once  near  the 
surface  within  the  tropica  would,  by  reason  of  its  warmth  and 
thermal  dilatation,  remain  near  the  Eurface.  Vertical  circulatian 
would  be  confined  to  polar  seas,  and  many  of  the  living  crcatons 
that  inhabit  its  wafers  would  periah  for  the  lack  of  currenta  ta 
convey  them  Iheir  food. 

406.  T}ie  origin  of  i:vrTei\U. — If  we  escept  the  tides,  and  tl>a 
partial  currenta  of  the  sea,  such  aa  those  that  may  bo  croated  hj 
the  wind,  we  may  lay  it  down  as  a  rule  (§  103)  that  all  the 
currents  of  the  ocean  owe  their  origin  to  difference  of  specific 
gravity  between  sea  water  at  one  place  and  sea  water  at 
another;  for  wherever  there  is  such  a  difference,  whether  it  bo 
owing  to  difference  of  tempeiutiiro  or  to  difference  of  saltneH, 
etc.,  it  is  a  difference  that  disturbs  equilibrium,  and  curTenl«  an 
the  consequences.  The  heavier  water  goes  towards  the  tighter, 
and  the  lighter  whence  the  heavier  comes :  for  two  fluids  differ^ 
ing  in  specific  gravity  (S  106),  and  standing  at  the  Bama  level, 
can  no  more  balance  each  other  than  unequal  weights  in  opposite 
scales  of  a  true  balance.  It  is  immatorial,  as  before  slated, 
whether  this  difference  of  specific  gravity  be  caused  by  tempeia- 
turo,  by  the  matter  held  in  solution,  or  by  any  other  thing;  tlu 
effi'Ot  is  the  same,  namely,  a  current.  That  the  sea,  in  all  parts, 
holds  in  solution  the  same  kind  of  solid  matter  ;  that  its  waten 
in  this  place,  where  it  never  rains,  are  not  saltcr  than  the 
strongest  brine ;   and  that  in  another  place,  where  the  rain  it 

*  See  Prof.  Uubliord'a  expcriiueuti,  vol.  I.  Sailing  l)irei;t!oiis.        ^^H 
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',  they  are  not  entirely  withoat  Bait,  may  be  taken  as 
in  proof  of  a  Bysteiu  of  ciirrouts  or  of  circulation  in  the 
whioh  its  watera  are  iihokcn  up  and  kept  mixed  togntber 
were  in  a  phial. 

407.  CurreaU  of  the  AtJantic. — The  principal  currenfa  of  the 
Atlantic  have  been  described  in  tho  chapter  on  tlie  Giilf  Stream. 
Besides  this,  its  eddies  and  its  ofTtietfi  are  tho  equatorial  ourrent 
(Plate  VI.),  and  the  SL  Hoque  or  Brazil  Current.  Their  fountain- 
head  is  the  same :  it  is  in  the  warm  waters  about  the  equator, 
between  Africa  and  America.  The  former,  receiving  the  Amiwfin 
and  the  Orinoco  as  tribntaries  by  the  way,  flows  into  the 
('aribbvan  Sea,  and  becomes,  with  the  waters  (§  10;])  in  which 
the  vapoura  of  the  trade-winds  loave  their  salt«,  the  feeder  of  the 
~  ,lf  Stream.    Tho  Brazil  current,  comingfrom  the  same  fountain, 

supposed  to  bo  divided  by  Cape  St.  Eoquo,  one  branch  going 
the  south  under  this  name  (Plat*  IX.),  tho  other  to  tho  west- 
Thia  last  huH  been  a  great  bugbear  to  navigators,  princi- 
pally on  account  of  the  difficulties  which  a  few  dull  vessels 
falling  to  leeward  of  St.  Roq^ue  have  found  in  beating  up  against 
it.  It  was  said  to  have  caused  the  lossof  eome  English  traneports 
in  the  last  century,  whioh  fell  to  leeward  of  tho  Cape  on  a 
voyage  to  the  other  hemisphere ;  and  navigators,  accordingly, 
were  advised  to  shun  It  aa  a  danger. 

408,  7^  St.  Boque  curretU. — This  current  bas  been  an  object  of 
speoi&I  investigation  during  my  researches  connected  with  the 
Wind  and  Current  Charts,  and  the  result  has  satisSed  me  tbnt  as 
a  rule  it  is  neither  a  dangerous  nor  a  constant  current,  notwith- 
standing older  writers.  Horsburgh,  in  his  East  India  Directory, 
cautions  navigators  against  it ;  and  Koitb  Johnston,  in  his  gi'cat 
Physical  Atlas,  published  in  IB48,  thus  speaks  of  it:  "This 
current  greatly  impedes  the  progress  of  those  vessels  which  cross 
the  equator  west  of  23°  west  longitude,  impelling  them  beyond 
Cape  St.  Uoque,  when  they  are  drawn  towai-ds  the  northern 
coast  of  Brazil,  and  cannot  regain  their  course  till  after  weeks  or 
months  of  delay  and  exertion,"  So  far  from  this  being  the  case, 
my  reswirches  abundantly  prove  that  vessels  which  ci'oss  the 
equator  five  htindred  miles  to  the  west  of  longitude  23°  have  on 

icnlty  on  account  of  this  current  in  clearing  that  cniie.  I 
almost  daily  the  abstract  logs  of  vessels  that  cro^s  the 
[nator  west  of  long.  30°.  and  in  three  days  frcm  that  oioasiug 
>y  are  generally  clear  of  that  cape.     A  few  of  them  I'eport  the 
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current  in  their  fevoTir ;  moat  of  thera  experience  no  current  at 
Etll ;  but,  now  and  then,  some  do  find  a  current  setting  to  the 
northward  and  westward,  and  operating  againRt  them  at  the  rate 
of  20  and  occasionally  of  50  miles  a  day.  The  intertropical 
regionN  of  the  Atlantic,  lilte  those  of  the  other  oceans  {§  401). 
abound  with  conflicting  currents,  which  no  researches  yet  have 
enabled  ihe  mariner  to  nnravel  bo  that  he  may  at  all  times  know 
where  they  are  and  tell  how  they  mn,  in  older  that  lie  may  be 
certain  of  their  help  when  favourable,  or  sure  of  avoiding  them 
if  adverse. 

409.  The  Qreeviand  current,— There  are  other  cnrrenta.  snch  u 
<Jie  Greenland  Current,  tho  cold  cuirent  from  Davis'  Strait,  the 
ice-bearing  ourront  from  tho  antarctic  regions,  oil  setting  info  th» 
Atlantic  and  the  Gulf  Stream,  one  branch  of -which  finds  its  waj 
into  the  Arctic  Sea ;  the  other  (§  89)  finds  it«  way  back  to  the 
fionth  partly  as  liennell'a  enrrent,  all  of  which  have  been  folly 
treated  of  in  Chap.  II.,  or  are  delineated  on  Plates  VI.  and  IX. 
Judging  by  these,  there  would  seem  to  be  a  larger  flow  of  polai 
waters  into  the  Atlantic  than  of  other  waters  from  it ;  and  I 
cannot  account  for  the  preservation  of  the  equilibrium  of  this 
ocean  by  any  other  hypothesis  than  that  which  calls  in  the  aid 
of  under  currents.  They,  I  have  no  doubt,  like  the  water-ways, 
the  mineral  veins,  the  passages  in  the  bowels  of  the  earth,  bet 
in  their  secret  ways,  an  important  part  in  the  grand  syste 
the  terrestrial  economy. 


CHAPTER  IX. 


■HE  Offl^ 


420.  Inleregting  phpne/d  inqiiirift. — The  omst  of  the  pla^st 
upon  which  we  live,  with  tho  forces  that  have  been  and  are  at 
work  upon  it,  is  the  most  interesting  subject  of  phyuical  inqnby 
and  study  that  can  claim  the  attention  of  diligent  Rtndents. 
Precisely  as  the  progress  of  man  bus  been  upward  and  onwBi^i 
precisely  has  he  looked  more  earnestly  and  with  deeper  longiagi 
towards  the  mysterieB  that  encircle  thig  cmat.  It  is  hut  a  dw]!, 
and  at  moat  we  can  reach  only  a  little  way  either  above  or  bolov 
its  very  mirfaco,  and  yet  upon  the  tablets  of  this  ihin  shell  ara 
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tie  records  of  all  that  he  mny  ever  know  conccining  this  his 
coBmicul  hearfliHtone. 

Voyages  of  diseoverg  to  Oie  North  Pole. — ReeearcbeB  huve 
carried  on  from  the  bottom  of  the  deepeat  pit  to  the  top  of 
highest  moiDlAin,  hut  these  have  not  eatisfied.  Voyages  of 
ivery,  with  their  fascinatione  and  their  cbanna,  have   led 

iny  a  noble  champion  of  human  progress  both  into  the  torrid 
and  frigid  zones  ;  and  notwithsUndingthe  hordshipB,  anfferingo, 
and  disasters  to  which  many  northern  parties  haiYe  found  them- 
selves exposed,  seafaring  men,  as  science  has  advanced,  have 
looked  with  deeper  and  deeper  longings  towards  the  mystic 
circles  of  the  polar  rogiomi ;  there  icebergs  are  framed  and 
glaciers  launched  :  there  the  tides  have  their  cradle,  the  whales 
their  nutBery :  there  tho  winds  complete  their  circuita,  and  the 
onirentsof  the  sea  their  round  in  the  wonderful  system  of  oceanic 
oiroulatioii :  there  the  Aurora  Borealia  is  lighted  up  and  the 
trembling  needle  brought  to  rest;  and  there  too,  in  the  mazes  of 
that  mystic  circle,  terrestrial  forces  of  occult  power  and  of  vast 
influence  upon  the  well-being  of  man  are  continually  at  play. 
Within  the  arctio  circle  is  the  pole  of  the  winds  and  the  poles  of 
the  cold;  the  pole  of  the  earth  and  of  the  magnet.  It  is  a  circle  of 
mysteries ;  and  the  desire  to  enter  it,  to  explore  its  untrodden 
wastes  and  secret  chambers,  and  to  study  ita  physical  aspects,  has 
grown  into  a  longing.  Noble  daring  baa  made  arctic  ico  and 
snow-clad  seaa  classic  ground.  It  is  no  feverish  excitement  nor 
vain  ambition  tliat  leadw  man  there.  It  is  a  higher  feeling,  a 
holier  motive — a  desire  to  look  into  the  works  of  creation,  to 
oomprehond  the  eootiomy  of  our  planet,  and  to  gix>w  wiser  and 
better  by  the  knowledge.  Soon  after  tho  discovery  of  America, 
John  Cabot  and  his  sons,  with  five  ships,  sailed  upon  the  first 
arctic  expedition.  Between  that  year  and  the  present  no  less 
than  155  vesaels,  besides  boat  and  laud  parties,  have  at  various 
periods,  and  with  divers  object*  in  view,  been  sent  from  Europe 
and  AmericB,  up  into  those  inhospitable  regions.  Whatever  may 
have  been  the  immediate  object  of  these  various  eiijeditions, 
whether  to  enlarge  the  fields  of  commerce,  to  carry  the  Bible,  to 
spread  civiliiatitm,  to  push  conquests,  or  to  bring  back  contribu- 
tions to  science,  they  have  never  lost  sight  of  the  promise  made 
by  Colunibiis  of  a  western  route  to  India. 

422.   Hf^firtt  MiggEtfioiuofan  opm  tea  m  Ow  Arelie  Orean  — Liko 
like  the  body,  the  ocean  mml  have  a  system  of  circulatioD 


4 


k: 


fur  its  waters.  No  other  hypotlieBis  will  explain  tlie  fikct  wEit^ 
obeervatioiiB  reveal  concerning  the  saltness  vt  the  eea,  the  oon- 
Btituenta  of  Bea-waler,  and  maaj  other  phenomena.  An  atlcative 
study  of  the  ctirrents  of  the  sea,  and  a  close  examination  of  the 
laws  which  govern  the  movements  of  the  watcisin  their  channels 
of  circulation  through  the  ocean,  will  lead  any  one  iirosiatibly 
to  the  concluEion  that  always,  in  suinnier  and  winter,  there  must 
be,  Bomewhere  within  the  arctic  circle,  a  large  body  of  open 
water.  This  open  water  muat  impresH  a  ciiriouH  feature  upon 
the  phybicnl  aspects  of  those  regions.  The  whales  hud  taught  tu 
to  suspect  the  Bxisl«nce  of  open  water  in  the  arctic  ba^in,  and  in 
their  mute  way  told  of  a  passage  there,  at  least  Bometimes.  It  is 
the  custom  among  whalers  to  have  their  harpoons  marked  with 
date  and  the  name  of  the  ship ;  and  I>r.  Sooresby,  in  bis  work  on 
arctic  voyages,  mentions  several  instances  of  whales  that  hava 
been  taken  near  the  Behring's  tjlrait  side  with  harpoons  in  them 
bearing  the  ntamp  of  ships  that  were  known  1o  crtiise  on  the 
BaflBii's  Bay  aide  of  the  American  continent ;  and  as,  in  one  or 
two  instances,  a  very  short  time  had  elapsed  between  the  da*B  of 
capture  in  the  Pnoifio  and  the  date  when  the  fish  must  bavo  been 
struck  on  the  Atlantic  side,  it  was  ai^ed  thererore  that  there 
was  a  north-west  passage  by  which  the  whales  passed  from  one 
side  to  the  other,  since  the  stricken  animal  could  not  have  had 
the  harpoon  in  him  long  enough  to  admit  of  a  psesage — even  if 
that  were  possible— around  either  Cape  Horn  or  the  Cape  of  Good 
Hope. 

42;f.  Harpoon*  —  habilt  of  llie  chalet. — The  whale-fishing  is, 
among  the  industrial  pursuits  of  the  sea,  one  of  no  little  import- 
ance ;  and  when  the  system  of  investigation  out  of  which  tlie 
"Wind  and  Cun'ent  Charts"  have  grown  was  commenced,  the 
haunts  of  this  animal  did  not  escape  attentive  examination.  The 
log-books  of  whalers  were  collected  in  great  niimhers,  and 
patiently  examined,  co-ordinated, -and  discussed,  in  order  to  find 
out  what  parte  of  the  ocean  are  fiequentcd  by  this  kind  of  whale, 
what  pai'ts  by  that,  and  what  parts  by  neither.  (Sec  Tlate  TX.) 
Logbooks  containing thu  ruoords  by  difTerent  ships  for  bundreds 
of  thousands  of  days  were  cxitminod,  and  the  observations  in 
them  oo-ordinated  for  this  chart.  And  this  investigatii 
Plate  IX.  shows,  led  to  the  discovery  that  tlie  tropical  ixigi' 
the  occitn  are  to  the  right  whale  as  a  sea  of  fiio,  through  ' 
he  cannot  pass,  and  into  which  he  ne\cr  enters,     llie facta 
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also  bronglit  oat  tluit  the  same  kind  of  whale  lliat  is  found  ofi 
tie  ebuTCB  of  Greenltuid,  iu  Baffin 'h  Bay,  &c.,  ie  found  also  in  thu 
JIortL  Pacific,  tuid  about  Bchrmg'e  IJtrait,  and  lliat  tho  right 
of  tho  northern  hemisphere  is  a  different  animal  from  tliat 
eouthern.  Thug  the  frtct  was  eatabliithc'd  that  tho  harpooned 
irlmles  did  not  ]iass  around  Cape  Horn  or  the  Cajte  of  Good 
Hope,  for  they  \vei*e  of  the  clues  that,  could  not  cross  the  equator. 
Id  this  way  we  wore  furnished  with  circumstantial  evidpnoe 
aff-.>rdiug  tho  most  iiTefnigable  proof  that  there  is,  at  times  at 
leant, opon-watercoiomuiiication  through  the  Arotic  Sett  from  one 
side  of  the  continent  to  the  other,  fnr  it  is  known  that  the  whales 
cannot  travel  tmder  the  ico  for  such  a  great  diatanco  as  in  that 
from  one  side  ef  this  continent  to  the  other.  Bnt  this  did  not 
prove  the  existence  of  an  open  aea  there ;  it  only  eetabliahed  the 
existence — the  occasionul  existence,  if  you  please — of  a  channel 
through  which  whak's  had  paseed.  Therefore  we  felt  bonud  to 
inljuduce  olher  evidence  before  we  could  expect  the  reader  to 
admit  onr  proof,  and  to  bulieye  with  us  in  the  exislence  of  an 
open  sea  in  the  Arclic  Ocean. 

4'^4.  The  under  curreiU  iido  (he  Ardic  Ocean  — il»  ttifliienfa. — 
There  is  an  under  current  setting  fram  the  Atlantic  through  Davis' 
Strait  into  the  Arctic  Ocean,  and  tliere  is  a  surface  current 
setting  out.  ObBorvatious  have  pointed  out  the  esifitence  of  this 
under  current  there,  for  navigatoi's  tell  of  immense  icebergs 
which  they  have  seen  drifting  rapid!}''  to  the  nnrlh.  and  against  a 
striing  Borfuce  tiurrent.  These  icebergs  were  high  above  Iho 
water,  and  their  depth  below,  sui)po8ing  ihera  to  bo  parallelo- 
pipe-la,  was  at  least  seven  times  groater  than  their  height  above. 
No  donbt  they  were  drifted  by  a  powerful  under  cnrrent.  Now 
this  under  current  comes  fioui  the  south,  where  it  is  wann,  and 
tho  temperature  of  its  waturs  is  perhaps  not  below  ;iff';  at  any  rate, 
they  we  comparatively  warm.  There  must  be  a  place  somewhere 
in  the  arctic  seas  where  this  imdor  current  ceases  to  flow  north, 
and  begins  to  flow  south  as  n  surface  current ;  for  the  surface 
nui-rent,  though  its  waters  are  miied  with  the  fresh  waters  of  the 
rivers  and  of  precipitaiion  in  the  polar  basin,  nevertheless  bears 
iiiit  vast  qaintities  of  salt,  which  is  fumi»hed  neither  by  the 
rivers  nor  the  rains,  lliose  »alls  are  supplied  by  the  under 
oun'ent ;  for  as  much  unit  as  one  current  brings  in,  other  currents 
muat  take  out.  else  the  polar  basin  would  become  a  basin  of 
H&lt ;    and  where  the  under  current  transfers  \l&  waters  to  the 
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eurface,  tliere  is,  it  is  suppoeed,  a  basin  in  which  the  waten,  am 
ihey  riKe  to  the  surface,  are  at  ilO°,  or  whatever  lie  the  t«mpeni- 
liire  of  the  umler  current,  which  we  know  muBl.  be  above  tho 
treozing- point,  for  the  current  in  of  waUir  iu  a  fluid,  not  in  a  solid 
Htai«.  An  arrangement  in  natuie,  bj  which  a  ha«in  of  consider- 
ahle  Brea  in  the  frozen  ocean  could  be  ttupplied  by  water  coming 
in  at  the  bottom  and  rising  up  at  the  top,  with  a  temperature 
not  below  3iJ%  or  even  27'^'.2^the  freeBing-point  of  sea  water — 
would  go  far  to  mitigate  the  ctimute  iu  the  regions  round  about. 

425.  IndieaUont  of  a  milder  dimale. — And  that  there  ut  a 
warmer  ulimatfi  somewhere  in  that  inhospitable  sea,  the  obsorva- 
tiona  of  many  of  the  explorers  who  have  visited  it  indicala.  Its 
exifitenoe  may  be  inferred  alao  from  Uic  well-known  &ct  that  the 
birds  and  luimalM  are  found  at  cerlain  seasons  migrating  to  tbe 
north,  evidently  in  search  of  milder  climates.  The  instincte  of 
these  dumb  L'reatures  are  unerring,  and  we  can  imagine  oo  miti- 
gation of  the  climate  in  that  direction,  unless  it  ariHe  from  the 
pronmity,  or  the  presence  there  of  a  large  body  of  open  water. 
It  is  anotlier  furnace  (§  151)  in  the  beautiful  economy  of  Natnre 
tor  tempering  climates  there. 

42'}.  Hoio  the  liitoral  uateirg,  bi/  being  dilated/roM  ih«  riven  and  lie 
rauM,  tcrve  <u  a  manlle  for  Ike  udter  tutd  tcarmer  tea,  leater  belote. — 
Tb»  hydii^^raphic  ba^in  of  the  Arctic  Ocean  is  large,  uid  it 
delivers  iuto  that  sea  amiua)  ly  a  very  copious  draiu^;e.  Suoh  an 
immemse  volume  of  ti'esh  water  discharged  into  so  small  a  aea  a» 
the  Arctic  Ocean  is,  must  go  far  towards  diluting  iU  brine. 
Fig.  2,  Plate  X.  (§  4;i:{),  shows  the  extont  to  which  the  bcine  of 
our  littoral  seas  is  diluted  by  the  drainage  liom  the  Atlantic 
iilopos  of  the  United  Slates.  It  will  be  observed  by  that  fignm 
that  suddenly  after  crossing  the  parallel  of  34°  N,  the  water 
be^pus  to  grow  cooler  and  UghUr.  The  observations  for  the  two 
uurveo  ai'e  u  part  of  the  celebrated  series  made  by  Captain  Bodgera 
in  the  U.S.  abip  "Vincennes"  all  the  way  from  Behring'a 
Straits  by  the  way  of  Cape  Horn  to  New  York.  He  cleared  ibo 
innur  edge  of  thi-  l^ulf  Stream  in  J4^.  where  the  wati-'rs  began  to 
grow  cooler  and  lighter,  and  so  continued  to  do  as  he  appruocbed 
tha  shore.  The  remarkable  and  sudden  approach  of  the  tbencul 
ajid  spucific  gravity  curves  afier  crossing  ai"  N.  can  be  explained 
by  no  >»tJier  hypothesis  tliau  this,  viz. :  the  surface  water  of  tha 
«na  was  so  diluted  witli  the  fresh  water  from  the  l.'heMkpe&ke,  fht. 
iJelaware,  and  Now  Voik  linyn,  that,  notwithstanding  t' 


pemtarB  docreasvd  as  Itoclgcrs  approached  the  shoro,  yet  tba 
specific  gmviiy  decraui<d  ulso,  liecause  ihe  saltness  decreased  by  I 
reason  of  the  increasing  proportiou  of  river  water  as  he  neared 
the  ehore.  And  thus  wo  bavo  in  our  own  waters  an  illustration 
and  an  example  of  how  water  that  is  cool  and  light — becaiiBe  not 
so  salt^maj  be  made  to  cuver  and  protect  as  with  a  mantle,  a 

_  ifaeet  of  warmer,  but  solter  and  heavier  wnier  below, 

437.  An  under  current  of  letn-m  tnU  gait  and  htary  water.- — The 
I  specific  gravity  of  the  Arctic  Ocean  water  as  obseryed  by 
>dgorB,  and  rednced  to  the  frewting-point  (27''.2}  of  sea  water, 
s  1.0263.  The  specific  gravity  of  the  Gulf  Stream  water,  sa 
irved  by  him,  and  reduced  to  tlie  same  temperature  (2T°.2), 

B  Vas  l.O^n.'j.  If  these  be  taken  as  fair  specimens  of  the  wat«r  of 
the  torrid  and  frigid  sones,  it  would  appear  that  the  waters  at 
intertropical  seas  have  15  per  cent,  more  talt  in  them  than  the 
surface  wat^r  of  the  Arctic  Uccan  has.  It  is  to  be  regretted  that 
the  hydrometer  has  not  been  more  Irequently  used  in  the  Arctic 
Ocean,  for  a  careful  series  of  observations  upon  the  Bpcciiic 
gravity  of  the  water  there  at  the  surface  and  at  varions  depths 
would  indicate  to  us  not  only  the  extent  to  which  the  water 
there  is  diluted  by  the  rivers  and  the  rains,  but  it  would  yield 
other  highly  interesting  results.  Now  this  salt  aiid  heavy 
water,  whose  specific  gravity  at  27''.2  would  have  been  1.0303,  is 
the  very  water  which  Bodgers  observed  in  the  Gulf  Stream  on  its 
way  to  ihe  arctic  regions.  This  is  the  water  which,  ftfler  passing 
the  Grand  Banks  and  meeting  the  dilnted  water  as  an  ice-bearing 
current  from  the  north,  dipa.down,  but  continues  its  course  as  an 
under  current.  It  is  protected  from  farther  loss  of  heat,  after  the 
maimer  of  our  own  Htt^iral  waters,  by  the  colder  but  lighter  and 
upper  current  ft^im  the  north,  until  it  enters  the  Arctic  Ocean, 

^fhere  to  rise  up  like  a  boiling  spring  in  the  centre  of  an  open 

-  428.  De  Haven't  water  tJcy. — Belying  upon  a  process  of  reasoning 
'Uctt  this,  and  the  deductions  flowing  theTefrcim,  Lieutenant  De 
Haven,  when  he  went  in  command  of  the  American  expedition  in 
rob  of  Sir  John  Franklin  and  his  companions,  was  told  in  his 
r  of  instructions,  to  look,  when  he  should  get  well  up  into 
nsUington  Channel,  lor  an  open  tiea  to  the  northward  and  west- 

Ho  looked,  and  saw  in  that  direction  a  "  wntor  sky. 
Jftptain  Penny  ofternards  wont  there,  found  open  niilcr,  aDil 
uled  UpoD  it.     1'he  open  sea  in  the  Arctic  Ocean  is  proliably  nut 
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always  in  the  same  place,  as  tbe  Gulf  Stream  (S  I2C)  is  nnt 
always  in  one  place.  It  probably  is  always  where  the  waters  of 
the  under  ciiTrents  are  brongfat  lo  tlie  aurtoce  i  and  this,  we  may 
imagine,  would  depend  upon  tho  freedom  of  ingrets  and  egieas 
for  the  cuireute.  Their  ooMree  may  perhaps  be  modified  more  or 
less  by  the  ice  on  the  surface,  by  changes,  from  whatever  cause, 
in  the  CQUrse  or  velocity  of  the  surfeoe  current,  for  obviously  tbe 
under  current  could  not  bring  more  water  intu  the  frozen  ocean 
than  the  surface  current  would  carrj-  out  again,  either  as  ica  or 
water.  Exploring  poj^ica  may  have  been  near  this  open  sea 
without  perceiving  the  warmlh  of  its  climate,  for  every  winter, 
an  example  of  how  very  close  warm  water  in  the  sea  and  a  Tery 
Revere  climate  on  the  land  or  the  ice  may  be  to  each  other  is 
afforded  to  us  in  the  ca.se  of  tbe  Gulf  Stream  and  the  Labrador- 
liko  climate  of  New  Eugland,  Sova  Scotiti,  and  Newfoundland, 
In  these  countriea,  in  winter,  the  thermometer  frequently  sinks 
tar  below  iiero,  notwithstanding  that  the  tepid  waters  of  the 
Gulf  Stream  may  bo  found  with  their  eummer  temperature  within 
line  day's  sail  of  these  very,  very  cold  places, 

429.  Dr.  Kane.—llT.  Kane  reports  an  open  sea  north  of  the 
parallel  of  82",  To  reach  it,  his  party  crossed  a  harrier  of  ice  80 
or  100  miles  broad.  lieforo  gaining  this  open  water,  he  fonnil 
the  thermometer  to  show  the  extreme  temperature  of  —  60°. 
Passing  this  ice-bound  region  by  travelling  north,  he  stood  on 
the  shores  of  an  iccletis  sea,  extending  in  an  unbroken  sheet  of 
water  as  far  as  the  eye  could  reach  towards  the  pole.  Its  waves 
were  dashing  on  the  liejich  with  the  swell  of  a  boundless  oceau. 
The  tides  ebbed  and  flowed  in  it,  and  I  apprehend  that  the  tidal 
wave  from  the  Atlantic  can  no  mure  pass  under  this  icy  barrier 
to  bo  pnipagattd  in  the  seaa  beyond,  than  the  vibrations  of  a 
musical  string  can  pass  with  itn  notes  a  fret  upou  which  the 
musician  bos  placed  his  finger.  The  swell  of  the  sea  cannrit  pass 
wide  fields  or  eitensive  barriers  of  ice ;  for  De  Haven,  dnrii^ 
ilia  long  imprisonment  and  diift  (§  475),  found  the  ice  eo  fim 
that  he  observed  regularly  ftxim  an  artificial  horizon  placed  upon 
it,  and  found  the  mercury  always  ''perfectly  steady."  Theee 
tides,  therefore  niufit  have  been  bom  in  that  void  sea,  haviiw 
ibeir  cradle  about  the  North  I'ole.  Iftlieso  stati^nienls  and  da- 
ductiouB  bo  correct,  then  we  infer  thai  most,  if  net  all  tbe  unex- 
plored regions  about  tho  polo  are  covoi'ed  with  deep  water ;  for 
<*nn>  this  unexplored  area  mostly  land  or  shallow  water,  it  oi 
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not  give  birtJj  to  regular  tides.     ludeod,  ihe  exintence  of  t.bca 
tides,  witli  t.bu  itnmenBe  fluw  and  drift  wbich  annuiilly  Uke  place 
the  pular  Bean  into  the  Atlantic,  suggests  many  fonjectnres  ] 
lOeniitig  the  coiiditiun  of  those  unexplored  regions.     Whale- 
in  have  always  boea  puzzled  an  to  tlie  place  of  breeding  for  the    , 
ight  whale.     It  is  a  uold-wntcr  aniual,  and,  following  up  this 
raiii  of  thought,  the  question  is  prompted.  Is  not  the  nursery  for 
be  great  whale  in  tbis  jolar  eea,  which  has  been  go  eet  about 
and  hemiued  in  with  a  hedge  of  ice  tiat  man  may  not  trespass 
there?     This  providential  economy  is  still  farther  suggealive, 
prompting  ub  to  ask.  W'heuoe  comes  the  food  for  the  young  whales  ] 
there?     Do  the  teeming  waterH  of  the  Gulf  Stream  (S  100) 

it  there  also,  and  in  chanuels  so  far  down  in  the  depths  of    I 
tte  sea   that  no  enemy  may  waylay  and  spoil  it  on  the  long 
Seals  were  sporting  and  water-fowl  feeding  in  thin    | 
of  Dr.  liane's.     Its  irave»  came  rolling  in  al  his  feet, 
id  dashing  with  measured  tread,  like  the  majestic  billows  of  I 
ngainbt  the  shore.     Solitude,  the  cold  and  Ixiimdless    | 
:panse,  and  tlie  myMterious  hcavings  of  its  green  waters,  lend 
lir  chaim  to  tlio  aoene.     They  Bngg&vled  faueied  myths,  and 
kindled  the  ardent  iniagination  of  the  daring  mariner's  many   I 
loDginge.     The  temperature  of  its  waters  was  only  36'' I     Such  I 
warm  water  oould  get  there  from  the  south  only  as  a  current  for  ' 
down  in  the  depths  below.     The  bottom  of  the  ice  of  this  eighty 
miles  of  barrier  was  no  doubt  many— -perhaps  hundreds  of— feet 
below  the  surface  level.     Under  this  ice  there  was  also  doubtless 
water  above  the  freezing-point. 

Under  eitrrenis  ehaitge  temperalure  a/oirf^, — Nor  need   the    , 
e  of  warm  water  within  the  arctic  cirolo  eicite  surprise, 
e  recoileot  titat  the  cold  waters  of  the  frigid  zone  are 
ferrcd  Ui  ihe   torrid  without   changing  their  temperature 
haps  more  tlum  7^  or  8°  by  the  way.     This  transfer  of  cold 
.lera  for  a  part  of  the  way  may  lake  place  on  the  surface,  and 
111  the  polar  flow  (§  89)  dips  down  and  becomes  submarine, 
any  rale,  officers  on  the  Coast  Survey  have  found  water  at  the 
im  of  the  Gnlf  Stream,  in  latitude  25°  30'  N.,  as  low  in  lero- 
kture  as  35°.     Now,  if  water  flowing  out  of  the  polar  basin  at 
temperature  of  2S''  may,  by  passing  along  the  secret  paths  of   | 
sea.  reach  the  tJJulf  of  Mexico  in  summer  at  a  temponitia«  of   I 
ly  3°  above  the  freezing- jnint  of  fresh  water,  why  may  not    i 
iter  leaving  the  torrid  zone  at  a  temperature  of  82',  and  travel- 
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ling  by  the  ^aIae  liidiiltn  ways,  reach  the  frigid  zone  witlioTit 
losing  more  than  the  cold  currents  gained  in  temperalure,  viz.,  7°  ? 
In  1840,  Sir  Jumes  C.  Rose,  being  in  the  antarctie  regions  with 
the  Biirfdce  water  at  32",  found  the  temperature  in  depth  to  be 
38°.B  at  400  fathoms,  and  39^.8  at  GOO.  At  a  greater  deptii  there 
18  a  greater  prossure ;  and  there  onght  to  be  (S  404)  a  certain 
temperatare,  that  after  jnssing  a  oertain  depth  in  the  deep  sea 
grows  biglter  and  higher  as  the  depth  inereasea.  Ilie  thennal 
laws  of  "  deep+ea  "  temperatures  for  fresh  and  far  ealt  water  are 
Tory  different.  In  September,  when  the  surface  water  of  Loch 
Lomond  and  Loch  Katrine — Seottish  lakes — which  are  between 
500  and  (iOO  fe«t  deep,  is  58",  that  at  the  bottom  is  nniformly 
41',  which  is  very  near  the  point  of  maximum  density  for  freeb 
water.  Saiissure  baa  ebo^^'n  the  same  for  the  Italian  lakes :  only, 
at  the  depth  of  1000  feet  in  the  Lake  of  Geneva,  it  was  a  little 
wanner,  probably  on  account  of  preEsiire  (3  404),  than  it  was  at 
lees  depth  in  Lakes  Lucerne  and  Thiin.  In  tbeee  it  was  41°,  or 
1°  colder  than  the  bottom  of  Genera,  their  surface  water  being 
abont  60^.  In  Lago  Subatino,  near  Rome,  with  the  Bui&oe 
water  at  77",  Barlocci  reports  44°  at  the  depth  of  490  feet.  The 
winter  in  Rome  is  not  severe  enough  lo  cool  such  a  nuss  of  wat«r 
below  44'^  But  with  tbo  esception  of  the  Lake  of  (jeneva, 
which  is  deep  enough  to  have  the  temperature  of  its  water  some- 
what influenced  by  pressure  (S  404),  the  law  is  uniform  :  as  yoa 
descend  in  freah-water  lakes,  the  temperature  deereases  to  that  of 
mBiimum  density.  Baussure  extended  his  experiments  to  the 
Gulfs  of  Nice  and  Genoa — salt-water  bays  in  the  neighbourhood 
of  his  fresh-water  lakes.  Here,  with  the  surface  temperature  of 
fiU",  he  found  even  at  the  depth  of  1720  feet,  the  water  no  cooler 
than  55°.8.  This  salt  wat«r  might  have  been  cooled  30^  lower 
liefore  it.  would  have  reached  the  maximum  density  (25°. 6)  of 
average  sea  water.  We  see  that  the  sevorest  winters  are  not 
siiffinient  to  bridge  our  deep  fresh-wnter  takes  over  with  ice, 
though  their  waters  being  cooled  below  3P°.5,  grow  light,  and 
remain  on  tlie  vurface  to  be  frozen.  On  tlie  contrary,  sea  water 
eontiacis,  grows  heavy,  and  sinks,  until  the  whole  basin,  from 
the  bottom  to  the  top,  be  reduced  to  27*. 2.  Yet  many  coufess 
no  surprise  at  the  open  water  in  fresh-water  lakes  that  are  rom- 
puralively  shallow,  while  they  can  conoeive  of  no  such  thing  in 
the  Arctic  Ocean,  though  it  be  very  much  deeper  tbtin  the 
deepest  fresh- water  lakes  I 
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431.  Solid  matter  awiuaUy  drifted  otd  of  the  polar  btuiti. — At  the  . 
TBiy  time  that  tlie  doclor  was  gazing  with  longing  eyts  upon  , 
tlieee  strange  green  vratetH  (§  420).  there  is  known  to  have  been 

Ipowerfnl  drift  sotting  out  from  another  part  of  ihis  I'olar  Sea, 
id  oarrying  with  it  hota  her  moorings  the  English  exploring 
Ip  "Bttioltile,"  which  her  olGcers  and  men  had  abandoned  fast 
mnd  in  the  ice  eeveisl  winters  before.  This  drift  cniTied  a 
ild  of  ioe  that  covered  an  area  not  le^s  tLan  300,000  squnre 
i]e«,  Ihrongh  a  dixtanoe  of  a  thousand  milea  to  the  south.  The 
ifl,  of  this  ship  WM  a  rejiotition  of  Do  Hiiveu'e  celebrated  drift 
(^S  474)  ;  for  in  each  case  the  ice  in  which  f  ho  vesHel  was  fastened 
flottted  out  and  carried  the  vesfiel  along  with  it;  by  wliieli  I 
mean  to  be  iindtrstood  as  wishing  to  convey  the  idea  that  the 

»  Teasel  was  not  drifted  tla-imgk  a  lino  or  an  opening  in  Ibe  ice,  bnt, 
.xsmaining  fast  in  the  ice,  she  was  carried  along  vilh  the  whole 
ioy  field  or  waste.  This  at  least  was  the  case  with  De  Uaven, 
A  Geld  of  ioe  covering  to  the  depth  of  eeven  feet  an  area  of 
300,000  square  miles,  would  weigh  not  lees  than  18,000.000,000 
ton*.  This,  then,  is  the  quantity  of  »olid  matter  that  is  drifted 
out  of  the  polar  seas  through  one  opening — Davia'  Straits— klone, 
lod  during  a  port  of  the  year  only.  The  quantity  of  water  which 
a  required  to  float  and  drive  this  solid  matter  ont  was  probably 
'S  greater  than  this.  A  quantity  of  water  eqtial  in 
reight  to  these  two  nossos  had  to  go  iu.  The  basin  to  receive 
inflowing  waters,  i.  e.,  the  unexplored  ba«in  about  the 
CorthPtde,  includes  an  area  of  a  million  and  a  lialf  square  miles; 
B  the  outflowing  ico  and  water  are  at  the  surface,  the  retnio 
mt  must  be  submarine.  A  part  of  the  i%'ater  that  it  beats 
probabLy  flows  in  beneath  Dr.  Kane's  barrier  of  ic«  (S  42i)). 

432.  Voiame  of  water  kept  in  motion  by  the  arctic  fiota  and  refiote. — 
_The8e  two  cnrrente  therefore,    it   may  be   perceived,  koep   in 

Wtion  between  tbe  temperate  and  polar  I'egions  of  the  earth  « 

Dlome  of  water,  in  comparison  with  which  the  mighty 
Bsiasippi,  in  its  greatest  fluuds,  sinks  down  to  a  mere  rill,  Oa 
)  borders  of  this  ice-buund  sea  Dr.  Kane  fuimd  subnistence  for 
8  party — anotherproof  of  the  high  lempeiaturo  and  comparative 

tildness  of  it«  climate.  . 

^  433.  I7«  hgdrometer  ai  WM.^The  BnisBels  ('onference  reoom- 

lended  the  syBlfimatio  nse  of  the  hydrometer  at  sea.     Captain 
tdgers.  Lieutenant  Piirt«r,  and  Dr.  Itnschoiiberger.  all  of  tha   i 
oited  States  Navy,  with  Dr.  Kaymond.  in  lli«  Anterioan  w 
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■*  Ocilden  Age,"  anil  CapUiu  Toviii:<eei  uf  the  fiDglish  Enai  Tnd 
man  the  "  Gloriaua,"  have  each  lettimcd  to  me  valuable  obenrra- 
tioDs  with  this  instrumont.  Koilgc^rs,  Lonevvr,  has  aSioiOed  Uw 
moat  extended  eei'iea.  It  einbraoox  12S~  of  latittido,  oxtcndingfi 
71"'  in  uiit-  bemiaphere  ti<  5T  in  the  other.  And  horo  I ' 
remark  that  those  uavigalora  who  use  the  hydmmeter  »_ 
tally  and  rarefiilly  at  sea  are  quietly  enlarging  for  I 
bciuiids  of  knowleJge;  and  ihey  are  gleaning  in  onr  field  ^ 
I'osearch.  Thene  observations  hare  alieady  led  to  the  diHxiTQty 
of  new  and  beneficent  relations  in  the  workabcps  uf  the  sea.  la 
the  phyHictI  machinery  of  the  universe  there  is  no  compensation 
to  be  Ibiind  that  is  more  exquisite  or  beautiful  than  that  whicit, 
by  means  of  this  little  instrument,  has  been  discovered  iu  Ihe  sea 
between  its  salts,  tho  air,  and  the  sun.  lliie  observations  made 
with  it  by  Captain  Rodgere,  on  board  the  U.  S.  ship  "  Vincennw," 
have  shown  that  tlie  specific  gravity  of  sea  water  varies  but  little 
in  the  trade-wind  regions,  notwithstanding  the  cliango  of  tempe- 
rature. ITie  temperature  was  a  little  greater  in  the  south-east 
trade-wind  region  of  the  I'acifio;  less  in  the  Allantic,  Bot, 
though  the  sea  at  the  equatorial  horde™  of  the  trade-wind  belt  ia 
mme  20"  or  25°  warmer  than  it  is  on  tho  polar  edge,  yet  tho 
specific  gravity  of  its  waters  at  Ihe  two  places  in  thu  Atlastie 
dilfers  but  little.  Though  the  temperature  of  the  water  "waa 
noted,  hia  observations  on  its  specifio  gravity  have  not  been 
oorreuted  for  tomperattire.  The  object  which  the  BrUBsels  Con- 
ference had  in  view  when  the  specific  gravity  column  wu^  intro- 
duced into  the  HM-jonraal  was,  that  hydrographers  might,  find  in 
it  data  for  computing  tho  dynamical  force  which  the  uoa  dorivee 
for  its  currents  from  the  difference  in  the  specifio  gravity  of  ita 
waters  in  different  climes.  The  Conference  held,  and  rightly 
held,  that  a  given  difference  as  to  specific  gravity  between  lh» 
water  in  one  part  of  the  sea  and  the  water  in  another  would  giTe 
rise  to  certain  cniTenta,  and  that  the  set  and  stieiigth  of  tJiOM 
CurrenU  wonld  lie  the  same,  whether  such  difference  of  specifio 
»vity  anise  from  ditrerence  of  tempeinture  or  diflerence  of  Balt- 
ic or  both. 

|84.  Spteijif  ffrarilynfaternge  sea  water. — According  to  Rodgers' 
Dns,  the  average  specific  gra^-ity  of  sea  water,  as  it  is 
taken  from  the  sea  on  the  pnrallels  of  34"  north  and  south,  at  a 
mean  temperature  of  64",  is  just  what,  according  to  saline  and 
thermal  laws,  it  ought  to  hcj  but  Ita  speut&o  gravity  when  toku^  ^ 
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fVoiu  tbe  equator,  »t  a'nioan  tempci'atuie  of  81°,  is  mnch  greater  ] 
ilian,  accofiJing  to  the  snnie  Inwa,  it  ought  to  be.     The  observed  T 
difference  of  iis  spociiic  gravirj-  at  '14°  auil  81"  is  ,0015;  whoreas 
it  DU^Iit  to  bo  .0'i2S.     Now  as  we  approach  the  equator,  the  waler  j 
is  warmer,  and  it  Nliould  therefore,  were  it  of  equal  Ealinpes,  be 
proportiouiibly  lighter ;    but  instead  of  tlio   specific   gravity  « 
eqitntoria]   water  b^ng  .0025   lighter — as   bj'   thermal   laws  it 
enght  to  be — than  sea  water  at  the  temperature  of  (U°  in  lutihide 
34*.  il  ia  only  .0015.     What  makes  the  equatorial  water  of  the 
■ea  BO  inncli  heuvier  than  according  to  thermal  laws  it  onght  to 
be?    Let  ns  inquire : 

435.  An  anomaly. — ITie  anomaly  iti  in  the  trade-wind  region, 
and  is  beet  dtiveloped  (Plat«3  X..  Fi;i.  2)  in  the  North  Atlantic,  ' 
itMtween  the  parallel  of  40''  and  the  equator.  Ihough  it  is  KnfB- 
•ta^itly  apparent  both  in  the  North  and  Soutli  PaciGo  (.^9-  1) — it 
"W  masked  by  the  Gulf  Strwim  in  the  North  Atlantic — commenoing 
-•t  the  polar  borders  of  those  winds,  the  anomaly  ia  devojojied  aa 
you  approach  the  equator.  The  water  grows  warmer,  biit  not 
proportionahly  lighter:  this  is  in  the  trade-wind  region.  These 
winda  evaporate  as  they  go ;  but  can  it  be  poeaible  that  they  ore 
rcgtilated  and  adjusted,  counterpoised  and  balanced,  that  ihe 

t  which  they,  by  evaporation,  leave  behind,  ia  jmbI  sufficient  to 
iterbalance  tlie  dilatation  due  to  the  increasing  warnilh  of  the 


436.  Influence  of  the  trade-teindt  upott  Ihe  tpedjic  yravily  nf  tea 
wiief. — It  is  the  trsdo-winda,  Ihen.  which  prevent  the  thermal 
and  Bpecific  gravity  curves  from  conforming  with  earh  other  in 
intertropical  seas.     The  wafer  they  snok  np  ia  foesh  water,  and 
the  Bait  it  contained,  being  left  behind,  is  just  sufGcient  to  counter- 
balance,  by  its  weight,  the  etTect  of  thermal  dilatation  upon  the 
speutfio  gravity  of  sea  water  between  the  parallels  of  34"  north 
and  south.     As  we  go  frotn  34°  to  the  equator,  the  wati^r  grows  i 
■warm  and  expands.     It  would  become  lighter,  but  \he  trade-  J 
winda,  fay  taking  up  vapour  without  salt,  make  the  water  anlter, 
~"    i  therefore  heavier.     Tlie  conclusion  is,  the  proportit.n  of  salt  | 
I  water,  its  expansibility  between  (J'i"  and  82°   (for 
\  dOabAilits  varies  with  its  temperature),  and  the  thirst  of  1 
o  trade-winds  for  vapour  are,  where  they  blow,  so  balanced  as   [ 
9  produce  peifect  compensation ;  and  a  more  beautiful  compen- 
Mtioa  cannot,  it  appears  to  me,  l>e  found  in  the  mechanism  of  ihe   | 
loivorBe  than  that  whiilh  we  have  here  stunibled  upon.     It  ia  a   I 
riple  adjustment :  the  power  of  the  huh  to  eipaud,  the  i5Q>N«t  lA  1 
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the  wintls  to  evaporate,  and  the  quantity  of  salts  in  the  m*«* 
these  are  »o  proportioned  and  adjnirted  that  when  both  the  wind 
and  the  sun  have  each  plaj-cd  with  its  forces  npon  the  tnter- 
tropiofil  waters  c>r  the  ocean,  the  reeidnnm  of  bent  and  of  »alt 
should  bo  jtist  Hiich  as  tu  balance  each  other  in  their  ofl'ects,  and 
80  the  aqueous  equilibrium  of  the  torrid  zune  ia  preserved. 

437.  Oompeiualmff  infiaeiuxa. — Nor  arc  these  the  only  ndjnet- 
menlB  efftcled  by  this  exquisite  oombinatioii  of  conipeneatioiM, 
If  all  the  intertropical  heat  of  the  sun  were  lu  paxa  into  the  mm 
upon  which  it  falla,  wmply  raising  the  temperature  of  thcdr 
waters,  it  would  create  a  thcrmo-dynamical  force  in  the  ocean 
capable  of  ti'anfpotling  wator  scalding  hot  from  the  torrid  eone, 
and  spreading  it,  while  still  in  the  tepid  state,  around  the  ptdea 
The  annual  evaporation  from  the  trade-wind  region  of  the  ocean 
has  been  computed,  according  to  the  most  reliable  obeervaUon, 
to  he  as  much  aa  15  feet,  which  is  at  the  rate  df  half  an  inch  per 
day.  The  heat  required  for  this  evaporatitin  would  raise  from  the 
normal  temperature  of  intertropical  seas  to  the  boiling-point  a 
layer  of  water  covering  the  entire  ooean  to  the  depth  of  mora 
than  100  feet.  Such  inarease  of  temperature,  by  the  consequent 
change  which  it  would  produce  upon  the  specifio  gravity  of  tlie 
sea,  would  still  further  augment  its  dj-nanucal  power,  until,  even 
in  the  Atlantic,  there  wuutd  be  force  enough  to  put  in  motMni 
and  feed  with  boiling-hot  water  many  Gulf  Streams.  But  the 
trade-winds  and  the  eeas  are  bo  adjusted  that  this  heat,  instead  ol 
penetrating  into  the  depths  of  the  ocean  to  raise  inordinately  the 
temperature  of  its  waters,  is  sent  off  by  radiation  or  taken  up  by  the 
vapour,  or  borne  away  by  under  currents,  or  carried  oil'  by  the 
winds,  and  diapenEed  by  the  cluadE  in  the  upper  air  of  distant 
lands.  Nor  does  this  exquisite  system  of  checks  and  balances, 
compensations  and  adjnstnibnts,  end  here,  la  equatorial  seas 
the  waters  are  dark  blue,  in  extra- tropical  they  are  green.  This 
difl'erence  of  oolonr  hears  upon  their  heat-absotbing  propertiea,* 
and  it  oomes  in  as  a  make-weight  in  the  system  of  oceanic  clima- 
toli^y,  circulation,  and  stability.  Now,  suppose  there  were  no 
trade-winds  to  evapoiale  and  to  count^aract  the  dynamical  force  of 
the  sun  ;  this  hot  and  light  water,  by  becoming  hott«r  and  lighter. 
would  flow  ofl'  in  currents  with  almost  mill-tail  velocity,  towards 
the  piilcB,  oovering  the  intervening  sea  with  a  mantle  of  warmth 
MS  with  a  garment.  The  cool  and  heavy  water  of  llie  polar  baun, 
coming  out  an  under  cnrrenta,  would  flow  equatorially  with  eqiwl 

*  E«e  ulinp.  XXII.  on  the  AfTrnouirrKT  or  tbk  Sei^  ^^H 


I 


TBB    BPBCinO    OBAVITY    Of   THE    SB4,  ETC.  219 

Telocity.  How  much,  if  to  any  extent,  tbe  fonner  warm  climates 
of  the  British  Islands  and  Norileni  Asia  may  be  duo  to  finch 
a  warm  covering  of  the  sea,  may  perhaps,  at  Grime  future  time,  bo 
considered  worthy  of  special  inquiry.  \\  e  have  already  seen 
(S  434)  that  thciTc  is  aomething  else  hetides  temperature  that  is 
at  work  in  otTccting  ehouge^  in  the  epecitic  giuvity  of  sea  water. 
^Vhatevor  increases  or  diminishes  its  saltncEB,  increases  ur 
diminishes  ilA  specific  gravity ;  and  the  agents  that  are  at  work  in 
the  sea  doing  this  are  sea  shells,  the  rivers,  and  the  rains,  as 
well  an  the  winds.  Between  35"  or  40"  and  the  eqnator  evapora- 
tion is  in  excess  of  precipitation ;  at  any  rato,  there  is  but  little 
ttmcipitatioD  except  under  the  equatorial  cloud  ring  (see  Storm 
Mid  Hmd  Chart,  riateXIll.);  and  though,  as  we  approach  the 
equator  on  either  gide  from  thes^e  parallebi,  the  solar  ray  warma 
■nd  expands  the  surface  water  of  the  sea,  the  winds,  by  the 
vapour  they  carry  off  and  the  salt  they  leave  behind,  prevent  it 
from  mnking  that  water  lighter. 

438,  Nicd]/  adjuated.—TiniB  two  ontagonistio  forces  ore  un- 
marked, and,  being  unmasked,  we  dieeover  in  iheni  a  must  ex' 
^niidte  adjustment— a  compensation— by  which  the  dynamical 
tatoes  that  reside  in  the  stmbeam  and  the  trade-wind  are  madti  ti> 

•tensterbalance  each  other ;  by  tvhich  the  climateB  of  inter- 
tropical eeas  are  regulated;  and  by  which  the  set,  force,  and 
▼olnme  of  oceanic  currents  are  measured.  This  compensation  is 
most  beautiful ;  it  explains  the  paradox  (§_43l),  gives  volume  to 
the  harmonies  of  the  sea,  and  makes  them  louder  in  their  sonK  o'' 
Almighty  praise  than  the  noise  of  many  waters.  1'hilosopherH 
admired  the  relations  between  the  sir.e  of  the  earth,  the 
i'fetoe  of  gravity,  and  the  strength  of  fibre  in  the  flower-stalks  of 
its  (£  303),  but  how  much  more  exquisite  is  the  syislem  of 
lanterpoibes  and  adjustments  here  presented  between  the  sea 
its  salts,  the  winds  and  the  hoat  of  the  sun  !  The  capacity 
le  sun  to  worm,  of  the  Kea  waler  to  expand,  the  quantity  of 
these  contain,  and  the  power  of  the  wind  lo  suok  up  vaponr, 
are  all  in  such  nioe  adjustment  the  one  with  the  other,  that  there 
ia  the  mo«t  perfect  compensation.  By  it  they  make  music  in  the 
sea,  and  the  harmony  that  comes  pi^aling  thence,  though  not  of  so 
lof^  a  strain,  is  neverlholeas,  like  the  sc-ngs  of  the  stara,  divine, 

439.  A  tiiermal  (»/(?.— Suppose  there  were  no  winds  to  suck  np 
fresh  water  from  iho  brine  of  the  ocean  ;  that  its  average  depth 
irere  3000  fethoms  :  that  the  solar  ray  wei«  endowed  with  pfiwer 
■) penetrate  with  its  heat  from  the  top  10  the  bottom;  a,v\d  t.tia.t. 
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from  liotlcim  to  top,  tLe  stas  uf  eacli  liemispliero.  in  liicimol  alto> 
nation  with  tlie  scasoati,  were  r&ised  to  summer  hc-nt  and  Inwod 
to  winter  lemperaUire  :  the  chnnge  of  sea  level  fiom  wimmerio 
winter,  and  from  winter  to  Biiuimer,  in  one  hcmi6]»licre,  wmild, 
fruro  this  cause  alone,  be  iipnarde  of  123  feet;  and  in  its  rise  and 
full  we  should  have,  from  pole  to  pole,  the  ebb  and  flow  of  i 
great  tliormal  tide  that  would  turn  with  the  sun  in  the  cchptic 
and  tell  the  equinoxes  by  the  march  on  the  tide  etAff  of  its  riling 
and  falling  wat«rs.  But  difference  of  level  would  not  be  all  tbtt 
would  give  Ktrength  and  volume  to  tliia  tide  ;  difference  of  itpedfio 
gravity  would  lend  it«  weight  as  so  much  dynamical  force,  which 
difference  would  create  an  ugiper  and  under  nnnual  tide  from  QDfi 
bemifiphero  to  the  other.  This  double  disturbance  of  equilibrinn 
would  not  give  rise  to  a  tidal  wave— not  mere  motion  withonl 
translation — but  to  a  tidal  flow  and  reflow  of  water  from  ona 
hemisphere  to  the  other  in  voliimea  of  vast  uisgnitude,  power, 
and  majesty.  This  is  an  eKiiggerat«[I  view  of  tho  dynamic^ 
force  of  the  Kunbeam ;  hut  it  in  presented  to  show  the  ori^n  of  llie 
thermal  tide  shown  on  Plate  IV.  The  difference  hetwoen  tb< 
actual  and  the  supposed  thermal  tides  is  one  of  degree  mereijr: 
for  tho  sea  water  that  is  liable  to  any  oousiderable  change  of 
temperature,  instead  of  reaching  from  the  bolfiim  to  the  top,  ia 
scarcely  more  than  a  "pellicle"  1o  the  ocean.  KcverthelMfc 
there  is  a  regular  periodical  flow  and  roflow  between  iho  pol» 
and  the  equator.  It  is  the  annual  ebb  of  this  tide  which  fills  llx 
upper  half  of  ijie  JTorth  Atlantic  with  ioehergs  every  spring  and 
summer.  The  heated  portion  forms  a  stratum  or  layer  which  it 
thickest  at  the  e<niator,  and  which  comes  to  the  surfoce  near  Um 
polar  edge  of  the  temperate  zones  :  it  then  dips  again  as  it  recede* 
towards  the  region  of  [jerpotual  winter. 

440.  Tiie  Uothermal  fioor  of  the  ocean. — The  ohserTations  uS 
Eotzehue,  Admiral  Beechey,  and  Sir  James  C-  ItosH  first  sag- 
gested  the  esirttcnce  in  tho  ocean  of  this  isothermal  floor.  lU 
temperature,  according  to  Kotzebue,  is  31)°.  ITie  depth  of  tioB 
bed  of  wat*r  of  invariable  and  uniform  t^mpeiulure  ia  1200 
fathoms  at  (he  equator.  It  gtadually  rises  tbence  to  the  pantUel 
of  about  St)  N.  and  S.,  when  it  crops  out,  and  there  the  tomj* 
lalure  of  the  sea,  fi'r>m  top  to  bottom,  is  conjectured  to  be  penuk- 
nently  at  36°.  Tho  place  of  this  outcrop,  no  doubt,  shif^  flrith 
the  seasons,  vibrating  up  and  down,  i.e.,  north  and  Bouth,  after 
the  manner  of  the  calm  belts.  Proceeding,  in  our  descriptioni 
onward  to  the  fiigid  aones,  this  aqueouis  stratum  of  an  unchanging 
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I  uipeTature  dips  again,  and  continues  to  luulinetill  it  reaches  the 
.   il-.'s  at  the  dejith  of  750  fRthoms.     So  that  on  the  equatorial  side 

!   ilie  owlcrop  the  water  above  this  floor  is  the  wnmier,  but  on 
!■.'  polar  side  the  snpcrnatnnt  wal«r  is  llie  colder.     By  this  floor, 
i(h  its  watem  of  one  uniforra  and  perm  aiient  temperature,  "the 
an,"  Bays  Sir  John  Hersi-Lel,   "is  divided  into  three  great 
■^iifiis — two  polar  basins  in  which  the  Buriace  temperature  is 
. .  luw,  and  one  medial  zone  in  which  it  is  above  39°.5,*  being  80° 
;  !-ha  equator;  and  at  the  pulus,  of  courae,  the  Ireezing-point  of 
-1 .1  Tirafer.     It  will  bo  very  readily  nnderstood  that  in  this  state- 
ment there  is  nothing  repugnant  to  hydiwtatioal  laws,  tbo  cum- 
preseibility  of  water  insuring   an    increase  of  density   in  ^e- 
Bccnding  witliiu  nmcU  wider  limits   of  temperature  than  here 
contemplated." 

HI.  Thermal  dilutulion  of  the  mater. — The  temperature  of  39°. 5 
was  assigned  to  this  floor  probably  under  the  supposition  that  sea 
w.iter  follows  fresh  in  its  laws  of  thermal  dilalation,  Not  so; 
vhile  fresh  water  attains  its  maximum  deusily  at  39'. 5,  average 
1-1  witter  du«M  not  arrive  at  its  degree  of  maximum  deoHily  ubIU 
.  ]iaSbt!S  its  freezing-point  (2T''.2)  and  reaohea  the  teniperatufe  of 
i.'j-.G.  In  the  winter  of  1868  a  very  elaborate  seriea  of  observa- 
lions  wiifi  oonducted  at  the  National  Observatory,  by  Professor 

I I  ubbard,  upon  the  thermal  dilatation  of  sea  water,  and  with  the 
folluwiDg  results,  60°  being  the  standard  temperature  : 

Thermal  Dilnlalim  •>/  Shi  Walrr.^ 
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o  12=  or  14=  lower, 

t  Tliia  Bgiee*  more  uearly  with  Desprttz  (p.  2155  than  with  Dr.  Marpet 

The  lattiit  Hlutes  that  ana  waler  dpcrcnaeB  in  weight  to  the  ftpeling  point  iinta 

utiiall}'  coDgualctJ.     !□  four  cxporimi  nU  Dr.  Murcet  oOuled  sea  water  dnwa  to 
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442.  Ei^ierimmttg  on  ike  freezing-point. — The  dilntatiun  of  tlw 
glasci  tube  is  included  in  this  table.  To  determijie  tbo  freeatDg' 
point  of  average  soa  water  I  filled  a  gla^  jar  IS  inclieB  high, 
and  3  inches  in  diameter,  with  specinitns  of  average  sea  watcv 
obtained  in  mjd-ocoan  and  near  the  equator.  On  the  IStliaf 
February,  1858.  the  thermonielor  in  the  shade  being  23°,  I  ex- 
posed this  jar  of  water,  with  a  standard  thermoroet«r  immareed, 
to  the  out-door  temperature-  When  the  thermometer  in  the  jar 
reached  27°,  Email  crystals  of  ice,  like  macles  of  snow,  were  ob- 
served to  fona  near  (be  bottom,  to  rise,  and  to  increase  as  they 
rose,  In  truth,  the  phenomenon  presented  most  beautifully  in 
miniature  a  aaow-storm  reversed,  for  the  flakes  appeared  literally 
to  ''fall  upward;"  and  while  it  waa  "snowing  up"  in  the  jar, 
covering  the  top  with  ice,  the  water  in  it  rose  in  temperatnre 
from  27°.2  to  28",  tbiis  showing  the  maximum  density  of  the 
water  to  be  not  above  27°  2.  As  soon,  and  invariably  as  soon,  a> 
the  first  crystals  of  ice  began  to  appear,  the  water  immediately 
rose  to  28°,  and  there  remained  ae  long  as  tho  process  of  congela- 
tion was  going  on.  lu  some  instances  the  walt-r  was  brought 
down, as  in  a  confined  vessel,  to  18^  before  freezing;  but  as  aoon 
as  h'eezing  commenced,  the  thermometer  would  mount  itp  to  28". 
The  same  water  was  used  for  the  following  series  of  observations 
upon  the  thermal  changes  of  the  specific  gravity  of  nea  water, 
fresh  water  being  the  unit ; 
Temperatai 


27°-l  Spec  grov. 

.03B0 

TemporoturB  380,0 

Spec-  gniT.  1.0287 

28^.3 

89 

4a^.3 

8e 

28°.8 

a: 

B4°.7 

773 

29'>.0 

8S5 

55'.5 

77 

29°JS 

906 

62'--'.5 

69 

30O.0 

ess 

03''.6 

«T5 

sao-o 

610.5 

«GS 

3*°.0 

8B 

80°Ji 

43 

34^.* 

89 

SO 

35^.2 

89 

,         •93'^3 

i.osn 

between  16'^  Bad  19°  Fabr..  nnd  ronud  iJiat  it  domnaed  in  bulk  till  it  nocfaed 
32°,  nftol'  which  it  expanded  a  little,  ncd  ocmtinut'd  to  do  to  till  (he  floid  tn« 
ndoced  to  l»tween  19''  nod  18°,  when  it  auddenl^  expanded,  and  bopunu  iee 
with  a  tempamtarD  of  SS^.  It  ahnnld  kIwbjs  be  rec<Jleoted  tlist  a  ntamtad 
•olulinn  of  eonunon  adt  does  not  becmoe  »1id,  or  coavcrted  into  \e&,  at  a  lea 
temperatuni  than  4°  Fahr. ;  and,  therufore,  if  the  Boa  Bhoold  be,  a 
■nppoaed,  mora  aallno  at  greut  depths,  und  as  it  sppcsjii  lo  be  in  tlie  Meditana- 
aeaa  from  tlio  eipcriniFiits  of  Dr.  Wollimton.  ira  could  uot  bo  Girined  theiost 
Ujo  caiae  tciaperature  a»  it  ooald  nearer  tho  murbice. — (Fids  JIC  do  Ja  BaAr, 
Minaal  Oa^ogji,  p.  '12.) 
•  Sjieeific  gravity  at  20IP=0-99IM 
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443.  Sea  footer  at  tantmer  more  estpantiUe  than  tea  viator  at  winter 
— All  tbt^se  experimentB  unite  in  ehowing  that  sta 

tter  at  equsLuriul  (emperatures  is  many  times  more  expansible 
water  at  polar  temperatures :  that  ia,  Kea  water,  ao- 
Qg  to  its  rale  of  dilatation  (g  441),  will  expand  about  Beveu- 
tiines  as  much  for  b",  wheu  its  temperature  is  ■'aised  from 
i",  as  it  will  when  raised  from  28°  ;  and  yet,  aofiording  in  Plate 
,,  the  ourres  of  temperature  and  specific  gravity  are  Eymmetrical 
polar,  Don-symmetrical  in  equatorial  seaa.  These. experimeutH, 
id  the  coiupremiibility  of  seft  water  (§  404),  show  that  we  have 
yet  data  aiifficient  to  establiiih  the  depth,  or  even  the  ex- 
of  such  an  isothenual  floor  all  the  way  from  pole  to  ]>o]e. 

444.  Data  for  Plali!  X. — "The  physical  consequences  of  this 
it  taw,  should  it  be  found  completely  verified  by  farther  re- 

ih,  are  in  the  tiut  degree  important."  The  obscrratiDns 
iwliiuh  furnished  the  data  for  Fig.  1  were  made  in  the  North 
iifio  between  the  months  of  August,  IBi>o,  and  April.  1860,  and 
the  South  Pacific  during  April  and  Mny ;  wUereaa  for  Fig.  2 
e  southern  observatJous  were  made  in  May  and  Juno,  the 
irthem  in  June  and  July. 

445.  A  ihermalli'le  :  it  ^Aa  and  flow*  once  a  year.— It  is  vo\[  to 
bear  this  difference  as  to  season  north  and  south  in  mind,  and  to 
compare  those  curves  nitli  those  of  iho  thermal  charts ;  for  the 
two  together  indicate  the  existence  in  the  ocean  of  the  thermal 
tiie,  which,  as  btfoic  stated,  ebbs  and  flows  but  once  a  year- 
ly this  figure  the  South  Atlantic   appears  to   be  cooler  and 

heavier  than  the  northern.  The  seaboa  of  observation,  however, 
\a  southern  fall  nod  winl«r  uite  nortliern  summer.  In  January, 
Fobruaiy,  and  Mivrch,  the  waters  of  the  soutliem  ocean  are  de- 
cidedly warmer,  as  at  the  opposite  nix  mouths  they  are  decidedly 
cooler,  patallel  tor  parallel,  than  those  of  the  northem  oecani-. 
""iTiB  penoai<;uiiv  dinering  in  temperature,  the  suiface  waters  cif 
stwo  litunisiiueiKa  vury  also  in  speoifiu  gravity,  und  give  rise  t'l 
annnal  ebb  and  flow— an  upper  and  an  tmdur  tide— not  frcni 
hemisphere  to  the  other,  but  between  each  pole  and  equatur. 
contemplating  (he  existence  and  studying  the  laws  of  this 
irmal  tide  wo  are  stinick  with  the  compensations  and  adjunt- 
that  art^  allotted  to  it  in  the  meobauism  of  the  soa;  for 
feeble  forces  in  the  WLiter  remind  one  of  the  quantities  of 
value — residunls  of  compensation — wilh  which  the  astro- 
baa  to  deal  when  be  is  working  out  the  geometry  of  the 
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heitveiiK.  He  finds  that  it  is  these  small  quaniities  which  toake 
the  nitiiiic  of  iho  fiphei'eB ;  and  so.  too,  it  ie  the  gentle  forces  like 
this  in  tlie  uutRi's  which  preserve  the  lianuony  of  the  e««s. 
Equatorial  aod  polar  seas  may  be  of  an  invariable  Icmperatnre. 
but  in  midiilt)  Inlitudus  the  sunbeam  has  power  to  wrinkle  rad 
crumple  the  eiirtace  of  iho  sea  byalteruate  expansion  and  con- 
Iraciion  ni  ils  waters.  In  tbeiic  middle  latitudes  ie  llie  cradle  of 
the  tiny  Iheiiiial  tide  here  bioughl  to  light;  feeble,  iudeed.  and 
easily  masked  are  ita  forces,  but  they  eiuely  scut.  It  may  be 
that  the  theiiuomeier  and  hydiiimeter  are  tho  only  inatruiueBte 
which  are  nice  enough  to  enable  ua  to  delect  it.  Its  footprinte, 
nevei1he}o«s,  aie  well  marked  in  our  lables  showing  the  thermal 
dilatutiun  of  sea  water.  The  movements  of  the  iaothermal  lines, 
marching  up  and  dowu  the  ocean,  show  by  tiigm  not  to  be  mi*- 
takca  its  rate  and  velocity,  The^e  movements  are  well  rept«- 
eeGt«d  OD  the  thermal  charts,  The  tiny  rippliugs  of  this  feeble 
tide  have,  we  may  be  suju,  their  office  to  perform  in  the  general 
system  of  aqueous  circulation  in  the  sea.  Their  influence  may 
be  feeble,  like  small  pertm'bations  in  the  orbits  of  planets ;  bat 
ihe  [ihysicist  is  no  innre  at  liberty  to  despise  these  than  ths 
ustvononier  is  to  neglect  those. 

HG.  Sea  vmler  of  IJie  eovihem  cooler  and  heavier,  paralM  for 
jiaratlel,  ihan  sea  wirier  of  the  norOiem  hemisphere. — -The  problem 
that  we  nuw  have  in  hand,  and  which  is  represented  by  the 
diagrams  of  Plate  X.,  is  to  put  the  seas  in  scales,  the  ocoan  in  ft 
balance,  and  to  weigh  in  the  specific-gravity  bottle,  the  walera  cf 
the  northern  with  the  waters  of  the  southern  hemisphere.  By 
Fig.  2  it  would  appear  that  both  the  water  and  the  air  of  the  sotflil 
Atlantic  are  decidedly  both  cooler  and  heavier,  parallel  for  parallel, 
than  the  waters  of  the  north  Atlantic ;  but  this  difference  may  be 
more  npiiarent  than  real ;  fur  the  observations  were  made  in  tiie 
noi'theru  summer  on  thix  side,  and  iu  the  southern  fall  and  wintci 
on  thu  other  aide  of  the  equator.  Had  we  a  series  of  obeervationt 
the  converse  of  this,  viz.,  winter  in  the  north  Atlantic,  summer  in 
the  south,  perhaps  the  latter  would  then  appear  to  be  specificallj 
the  lighter;  at  any  rate,  the  mean  summer  temperature  of  eaoh 
Atlantic,  north  and  south,  is  higher  than  its  mean  winter  temperV' 
ture,  and  consequently  the  specific  gravity  of  the  waters  of  ew)k 
inu»t  change  with  the  sensons.  A  diagram — had  we  tho  datalbv 
such  a  one — to  show  these  changes,  would  he  vei*y  iOBtructivie  (  Bt 
would  iJiow  bcaul  ifully,  by  its  marks,  the  ebb  and  flow  of  this  ueir^ 
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lorn  tide  of  the  ocean.  By  Fig.  1  the  south  Pacific  also  outweighs 
the  north  in  specific  gravity ;  but  here  again  the  true  difference, 
whatever  it  be,  is  somewhat  masked  by  the  time  of  year  when  the 
observatioitf  were  made.  Those  north  were  made  during  the  fall, 
winter,  and  spring;  thoao  south,  daring  the  fall  and  first  winter 
months  of  that  hemisphero.  Neveithelcsa.  the  weight  of  the 
observationa  presented  on  Plate  X.  does,  as  far  as  they  go,  indicate 
that  the  seas  of  the  southern  do  outweigh  in  specific  gravity  the 
seas  of  the  northern  hemisphere  in  the  proportion  of  1.02T2  to 
1.0202  of  specific  gravity.'  Danbeny,  Dove,  et  al.,  have  pointed 
ont  an  excess  of  salt  contained  in  sea  water  south  of  the  equator, 
as  compared  with  that  contained  in  sea  water  north. 

447.  Teitivumji  of  Ike  hyArometer  in  favour  of  the  air  erosting$  af 
lh«  calm  bell*. — These  indications,  as  far  as  they  go,  and  this  Tiew 
of  the  subject,  whatever  future  investigations  may  ehow  to  be  itti 
true  worth,  seem  to  lean  in  support  of  the  idea  advanced  and 
maintained  by  fikcts  and  arguments  in  Chapter  IV.,  viz.,  that  the 
southern  seas  are  the  boiler  and  the  northern  hemisphere  the  con- 
denser for  the  grand  atmospherical  engine,  which  sucks  up  vapour 
irom  the  south  to  feed  the  northern  hemisphere  with  rains.  If  it 
be  true, — and  Dove  also  thinks  it  is— that  the  clouds  which  Bjrp 
ply  our  fountains  with  rain  for  the  great  American  lakes,  and 
with  rains  for  the  majestic  weier-courseH  of  Europe  and  Asia, 
Jsortharn  Africa  and  America,  are  replenished  from  ^as beyond 
the  equator,  then  the  waters  of  the  ocean  south  should  be  a  little 
Salter,  and  therefore  specifically  a  little  heavier,  parallel  for 
parallel,  and  temperature  for  temperature,  than  the  waters  of  ois- 
equatorial  seas.  We  begin  to  find  that  the  hydrometer  is  bearing 
testimony  in  support  of  the  evidence  adduced  in  Chapters  IV,  and 
VII.,  to  show  that  when  the  trade-winds  meet  and  rise  up  in  the 
equatorial  calm  belt,  the  atmosphere  which  came  there  as  sonth- 
oast  trade-winds  passes  with  its  vapour  over  into  the  northern 
hemisphere.  We  hod  not  anticipated  that  this  little  instrument 
could  throw  any  light  upon  this  subject ;  bat  if,  as  it  indicates,  the 
sea  water  of  the  other  hemisphere  be  Salter  and  heavier  than  the 
sea  water  of  this,  what  makes  it  so  hut  evaporation,  and  what  pre- 
vents currents  from  restoring  its  equilibrium  but  the  winds,  which 
are  oontinnally  sucking  up  from  the  brine  of  trans- equatorial  seas 
and  pouring  it  down  as  fresh  water  upon  cis-equatorial  seas  and 

■  Aeiyirdinf:  to  Di.  Maro«t,  tlie  Boutbera  ocean  contains  niote  «lt  tbsii  Ibe 
ti.irtheni  in  the  proportion  of  1.02919  to  t.OSTST. 
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I&nd  ?  It  is  taking  out  of  one  scale  of  the  balance  and  patting 
iuto  the  other  ;  Odd  the  differouce  of  specific  gravity  between  tin 
sea  water  of  the  opposito  homisphore  may  give  as  a  measnra  for 
detenniaiikg  tbe  amount  of  fresh  water  that  is  always^n  Inuuitu. 
Ovrtoinly,  if  evaporation  and  rains  were  to  cease,  if  the  rivers  wen 
bo  dry  up,  and  the  sea-shells  to  perish,  the  waters  of  the  ooean 
would,  in  the  course  of  lime,  become  all  of  the  same  saltness,  and 
llie  only  diflerence  of  specific  gravity  in  the  sea  would  be  due  to 
thermal  agencies.  After  having  thus  oeaeed,  if  evaporation  wen 
then  to  commence  only  in  the  other  hemisphere,  and  oondensfttion 
take  place  only  in  this,  half  the  difference,  as  to  Ealtneas  of  llie  sea 
water  in  opposite  hemispheres,  would  eipress  the  mtio  in  volumes 
of  fidih  water,  whether  as  vapour  or  liquid,  that  would  then  be 
kept  in  transitu  between  the  two  heroispberes.  But  it  evapomtes 
on  both  sides  and  precipitates  on  both ;  neverthelesB,  more  oa  cue 
side  than  on  the  other,  and  the  difference  of  BultnejtB  will  still  in- 
dicate the  proportion  in  transitu.  If  we  follow  the  thermal  uxA 
specific  gravity  curves  from  the  parallels  of  30" — 34'  to  the  eqtift- 
tor  {F!gB.  I  and  2,  Plato  X.),  we  see,  as  I  have  said,  ihat  sea  water 
in  this  i>art  of  the  ocean  does  not  grow  lighter  in  proportion  w»  it 
grows  warmer.  This  is  accounted  for  ou  tbe  supposition  that  the 
eSiacts  of  the  thermal  dilatation  on  the  specific  gravity  is  counter 
acted  by  evaporation.  Now,  if  we  knew  the  thickness  of  the 
stratum  which  supplies  the  fresh  water  ibr  this  evaporation,  m 
should  not  only  have  a  measure  for  the  amount  of  water  whiob  M 
vapour  is  sucked  up  and  carried  off  from  tbo  trade-wiiid  regionaof 
the  seo,  to  be  deposited  in  showers  on  other  parts  of  tlie  earth,  bat 
we  should  be  enabled  to  determine  also  the  quantity  wbiclt  ia  eva- 
porated in  one  hemisphere  and  transported  by  the  clouds  and  tlu 
winds  to  be  precipitated- iu  the  other.  These  are  questions  wht^ 
are  raised  for  contemplation  merely ;  they  cannot  bo  fmavnni 
now ;  they  grow  out  of  some  of  the  many  grand  and  imposbig 
thoughts  suggested  by  the  study  of  the  revelations  whioh  Om 
hydrometer  is  already  beginning  to  make  concerning  the  wo&den 
of  the  sea.  Beturoing  from  this  excursion  tjiwards  the  Gelds  of 
speculation,  it  will  be  perceived  that  these  observations  upon  tla 
tempenttnreanddenaityof  sea  water  have  for  their  object  to  wui^ 
the  seas,  and  to  measuie  in  the  opposite  scales  of  a  balanoe  1^ 
specific  gravity  of  the  waters  of  one  hemisphere  with  Iho  specifio 
gravity  of  the  waters  of  the  other.  This  problem  is  quite  within 
the  compass  of  this  exquisite  system  of  reseorcb  to  solve.    Bat,  IB 
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tnecestiarrlliat  the  little 
to  bo  done  should  be  well  and 


a  i^cifie  gramly  of  tea  water. — 
t  be  difficult  U>  show  that  the 


Qo  of  the  aspects 
1  the  terreatriol 
machinery  of  a 
111  Id  not  hanno- 


order  to  weigh  the  seas  in  this  n 
kydrometric  balance  by  -which  it  ii 
truly  adjusted. 

448.  Amoiml  of  sidl  in,  and  me 
From  these  premises  it  would  t 
BaltnesB  of  the  sea  is  a  phyiiical  necessity.  In  boi 
presented,  the  Baits  of  the  sea  hold  the  relation  i 
mechanism  that  the  balance-wheel  does  to  the  [ 
watch.  Without  them  th»  climates  of  the  earth  o( 
nize  as  they  do  ;  neither  could  the  windx,  by  eucking  up  -vapoar, 
hold  in  check  the  expansive  power  of  tropical  heat  upon  the  sea ; 
uor  counteract,  by  leaving  the  salts  behind,  the  thermal  influence 
of  the  sun  in  imparting  dynamical  force  to  marine  currents;  nor 
prevent  the  solar  ray  from  unduly  disturbing  the  aqueous  equi- 
lihrinm  of  our  planet.  As  evaporation  goes  on  from  a  sea  of  A'esh 
water,  the  level  only,  and  not  the  specific  gravity,  of  the  remain- 
ing water  tE  changed.  The  waters  of  fresh  intertropical  8ea« 
would,  instead  of  growing  heavy  by  reason  of  evaporation  between 
the  tropics,  become  lighter  and  lighter  by  reason  of  the  beat ; 
while  the  water  of  fresh  polar  seas  would  grow  heavier  and 
heavier  by  reason  of  the  cold- — ^a  condition  which,  by  reason  of 
evaporation  and  precipitation,  is  almost  the  very  reverse  of  that 
which  nature  haa  ordained  for  the  salt  sea,  and  which,  therefore, 
IB  the  wisest  and  the  best.  The  average  amount  of  salts  in  sea 
water  is  not  accurately  known.  From  such  data  as  I  have,  I 
estimate  it  to  bo  about  4  per  cent  (.0ii9],  and  the  mean  specific 
gravity  of  sea  water  at  60"  to  be  about  1.0272.  Supposing  these 
conditions  to  be  accurate— and  they  are  based  on  data  which 
entitle  tliem  to  be  considered  as  not  very  wide  of  the  mark — 
the  hydrometer  and  thermometer,  with  the  aid  of  the  table  (S  441), 
will  give  us  a  direct  measure  for  the  amount  of  salt  in  any  specimen 
uf  sea  water  into  which  the  navigator  will  lake  the  trouble  to  dip 
these  two  instruments. 

44S.  Light  coat  by  Plate  X.  on  the  open  sea  in  the  Arctic  Ocean. — 
These  specific  gravity  and  thermal  curves,  as  they  aro  presented 
ijn  this  Plate  (X.),  throw  tight  also  on  the  question  of  an  open  eea 
in  the  Arctic  Ocean.  That  open  sea  i^  like  a  boiling  spring 
(j  427)  in  the  midat  of  winter,  which  the  severest  cold  can  never 
seal  np  ;  only  it  is  on  a  larger  scale  than  any  spring,  or  pool,  or 
lake,  and  it  ta  fed  by  the  under  oumnts  with  -warm  water  from 


228     PUieioAL  GEOORArOT  of  the  sea,  and  its  METEOitoix>aT.  ■ 

the  Boutli,  which,  by  virtue  of  ita  saltneaa  (see  Fig.  2).  is  beAvier 
thai)  the  cool  aud  upper  current  which  tiids  out  of  the  pular  baan, 
and  which  is  known  as  an  ice-bearing  current.  ]t  in  the  same 
which  is  felt  by  marinera  as  far  down  as  the  Grand  Banks  of 
Iv'ewfoundland,  Qtid  recognized  by  phiiosophers  off  the  coast  of 
Florida.  This  upper  current,  though  colder  than  its  fellow  below, 
is  lighter,  because  it  ia  not  so  salt.  Figure  2  reveals  to  ua  a 
portion  of  sea  between  the  parallels  of  di"  and  40°  north,  exactly 
in  such  a  physical  category  as  that  in  which  this  theory  presents 
the  Arctic  Ocean.  Here,  along  our  own  shores,  the  thermal  curve 
loses  12^  of  heat;  aud  what  dues  the  specific  gravity  curve  gain 
in  the  same  interval  ?  Instead  of  increaaing  up  to  1.027,  accord- 
ing to  the  thermal  law,  it  decreases  to  1.023  for  the  want  of  salt 
to  sustain  it.  Now  recollect  that  the  great  American  chain  of 
freeh-water  lakes  never  freezes  over.  Why?  Because  of  their 
depth  and  their  vertical  circulation.  The  depths  below  are  oon- 
tinnally  sending  water  above  32°  to  the  surface,  whicli.  before  U 
can  be  oooled  down  to  the  freezing-point,  sinks  again.  Now 
compare  the  shallow  soundings  in  these  lakes  with  the  gient  depths 
of  the  Arctic  Ocean  ;  compute  the  vast  extent  of  the  hydrogrsphio 
basin  which  holds  this  polar  sea ;  gauge  the  rivers  that  discharge 
themsetves  into  it ;  meusure  the  rain,  and  hait,  and  snow  that  the 
clouds  pour  down  upon  it ;  and  then  contrast  its  area,  and  the  freeb- 
water  drainage  into  it,  with  the  like  of  Long  Island  Sound. 
Delaware  Bay,  and  the  Chesapeake  ;  consider  also  the  volnnu  cf 
diluted  sea  water  between  our  shore-line  and  the  Gulf  Stresia; 
strike  the  balance,  and  then  see  if  the  arctic  supply  of  fresh,  wnter 
be  not  enough  to  reduce  its  salts  as  much  as  our  own  fres1i-'w«ter 
streams  are  diluting  the  brine  of  the  sea  under  our  own  eyet. 
The  very  Gulf  Stream  water,  which  the  observing  vessel  lefl  u 
she  crossed  34^  and  entered  into  those  light  littoral  waters,  mu 
bound  northward.  Suppose  it  to  have  flowed  on  as  a  surfnea 
current  until  it,  with  its  salts,  was  reduced  to  the  leniperaturB  of 
40°,  Its  specific  gi'a\'ity  at  that  temperature  would  have  been 
1 .030,  or  specifically  30  per  cent,  heavier  than  the  sea  water  of  out 
own  coasts.  Could  two  such  currents  of  waf«r  meet  anywhen 
at  sea,  except  as  upper  and  under  currents  ?  If  water  that  freaw* 
at  32°,  that  grows  light  and  remains  on  the  surface  as  jon  cool  ft 
below  39°,  is  prevented  from  freezing  in  our  great  fresh-wolar 
lakes  by  vertical  circulation,  how  much  more  would  both  vertioil 
and  horizontal  circulation  prevent  congelation  in  the  oj»en  poUi 


am.  that  is  many  titties  deeper  and  lurger  than  tlio  lakes,  and  the 
water  of  which  contracts  all  the  way  down  to  its  freezing-point 
of  27-.2' ! 

460.  TTie  heavieel  teater. — The  heaviest  water  in  the  sea,  un- 
corrected for  the  temperature,  as  shown  by  the  observiitions  before 
lis,  U  1.028.  'ITiiE  water  was  foHnd(Kff(>.  1  and  2}off  Capo  Horn. 
Let  us  eiamine  a  little  more  closely  into  the  circn instances  con- 
Dected  with  the  heaviest  water  on  our  side  of  the  equator.  It  was 
a  specimen  of -water  from  the_Sea  of  Okotek,  which  is  a  sea  in  a 
riverlesB  region,  and  one  where  evaporation  is  probably  in  escess 
of  precipitation — thus  ftilfilling  the  physical  conditions  for  heavy 
water.  The  Red  Sea  is  in  a  riverlees  and  rainless  region.  Its 
waters  ought  to  be  heavier  than  those  of  any  other  mere  arm  of 
the  ocean,  and  the  dynamical  force  arising  from  the  increase  of 
specific  gi'avity  acquired  by  its  waters  aftpr  they  enter  it  at  Itahel- 
mandeb  is  sufficient  to  keep  up  a  powerful  inner  and  outer  current 
through  those  straits.  At  the  ordinary  meeting  of  the  Bombay 
Geographical  Society  for  November,  1857,  the  learned  secretary 
stated  that  recent  observations  then  in  bis  possession,  and  which 
were  made  by  Mr.  Ritchie  and  Dr.  Girand  (§  381),  go  to  show 
that  the  sal  test  water  in  the  Red  Sea  is  where  theory  (S  377)  toakfia 
it,  viz..  in  the  Gulf  of  Suez  ;  and  that  its  waters  become  less  and 
less  salt  thence  to  its  mouth,  and  even  beyond,  till  you  approach 
the  meridian  of  Socotra ;  after  which  the  sallness  ^nain  increases 
as  yon  approach  Bombay. 

4,11.  Ckapman't  exptrimetti*. — Its  waters,  from  the  mouth  of  the 
straila  for  300  or  400  miles  up,  have  been  fonnd  a«  high  in 
temperature  as  95°  Fahrenheit — a  sea  at  blood  heat!  The  ex- 
periments of  Professor  Chapman,  of  Canada,  which  indicated  as 
law — the  Baiter  the  water  ihe  slower  the  evaporation,  seem  to 
suggest  an  explanation  of  this,  at  least  in  part.  Evaporation 
ought  to  assist  in  keeping  the  surface  of  intertropical  seas  cool  in 
the  same  way  that  it  helps  to  cool  other  wet  surfaces.  And  if  the 
waters  of  the  lied  Sea  become  so  salt  that  they  cannot  make  vapour 
enough  to  carry  off  the  oiceseive  heat  of  the  solar  ray,  we  may 
be  sure  that  natnre  has  provided  means  for  carrying  it  off.  But 
for  the  escape  which  these  highly  heated  waters  are,  by  means  of 
their  saltness,  enabled  to  make  from  that  sea,  its  climate,  as  well 
aa  the  heat  of  its  waters,  would  be  more  burning  and  blasting 
than  the  sands  of  Sahara.  Bven  as  it  \»,  the  waters  of  this  sea  are 
hotter  than  the  air  of  ibe  desert 
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452.  Tim  hylronteter  indtciiles  the  rainy  {alUvdea  at  Bra. — There  Jm 
another  indicaticni  which  this  little  instrument  hoe  afforded  coo- 
corning  the  status  of  the  sea,  and  which  deserves  notice.  We 
are  at  firat  puzzled  with  the  remarkably  light  water  between  9° 
and  16^  S.,  Fig.  1,  and  in  Fig.  2  between  7"  and  9°  N.,  as  well  aa 
in  19"  N,  But  after  a  little  examination,  we  are  charmed  wilL 
the  discover}'  that  the  bjdrometer  points  out  the  rainy  regions 
at  Koa.  Kodgeru'  obsorvationa  on  hia  homeward  passage  iaan 
San  Francisco  to  Cape  Horn  furnish  the  data  fur  the  curves 
(Fiy.  1}  between  37°N.  and  57=  B.  Kow  llate  VIII.  shows  tliat 
the  eqnatoriai  calm  belt  lies  sonth  of  the  line  where  it  is  inter> 
aected  by  the  homeward  route  from  California.  It  also  ahowa 
that  when  he  crossed  the  "  Uoldnuns  "  in  the  Atlantic,  that  belt 
was  in  north  latitude  about  7°-W,  and  that  when  bo  was  in 
lS''-20°  N.  (Fig.  2)  he  waa  then  passing  through  the  ofHngs  of 
what  are  oailod  the  ''Leewaj'd  Islands"  of  the  AVest  Indies,  and 
that  these  are  rainy  latitndea  at  sea — the  first  two  being  under 
the  cloud  ring,  the  last  being  near  the  land  in  tho  trade-wind 
region,  and  conSrming  the  remark  ao  often  made  concerning  the 
influence  of  islands  at  sea  upon  vapour,  clonds,  and  preaipitati(»i. 

453.  Aitr<momcal  viem, — The  most  comprehensive  view  that 
we  are  permitted  to  take  of  cosmical  or  terrestrial  arrangemonta 
and  adaptations  is  at  best  narrow  and  contracted.  Keveithelws, 
in  studying  the  mechanism  which  N\'isdom  planned  and  the  Qieat 
Architect  of  nature  designed  for  the  world,  we  sometimes  taacy 
that  we  oan  discover  a  relation  belween  the  different  parta  of  the 
WGuderfol  machinery,  and  perceive  some  of  the  reasons  and 
almost  comprehend  tho  design  which  Omnipotent  Intolligeaoe 
had  in  view  when  these  relations  were  established.  Such  fancdes, 
rightly  indulged,  are  always  refreshing,  and  the  developmenta  of 
the  hydrometer  which  we  have  been  studying  point  us  to  one  of 
tbom.  This  fancied  discovery  is,  that  a  sea  of  fresh  water  inetead 
of  salt  would  not  afford  the  cximpensations  that  are  required  in 
the  terrestrial  economy,  and  we  also  fancy  that  we  have  almost  dia- 
covered  a  relation  between  the  orbit  of  the  earth  and  tlie  arraiiES- 
ment  of  laud  and  water  on  its  surface  and  their  bearing  upon 
climate.  Our  planet  passes  its  perihelion  during  the  southeni 
summer,  when  it  is  nearer  tlie  centre  and  source  of  light  and  heat 
by  more  than  three  millions  of  miles  than  it  is  at  its  winter 
solstice,  so  that,  on  the  1st  of  Jannary,  tho  total  amoimt  of  heat 
received  by  the  earth  is  about  ■^^  mere  than  it  receives  during  a 


ttoy  in  July,  whuu  it  is  in  aphelion.*  January  is  tho  midaumaior 
montli  of  the  aouthern  hemisphere,  consoquentlj  that  half  of  the 
globe  receives  more  heat  in  a  day  of  its  summer  than  the  other 
half  receives  in  a  day  of  the  northern  amnmer.  But  the  northern 
Bummer  is  a  week  the  longer,  by  tho  reason  of  the  ellipticity  of 
the  earth's  orbit.  What  becomes  of  this  diurnal  excess  of  southern 
r  heat,  be  it  in  ita  aggregate  never  so  small,  and  why  does 
in  trans-equatorial  climea  ?  So  far  from  it  the 
n  hemisphei'e  is  the  cooler. 

»454.  I^B  latent  heat  of  eopottr.— In  the  southem  beiuispUera 
1  and  leas  land  than  in  the  northern.  Dut  tbc 
hydrometer  indicates  that  the  water  in  the  seas  of  the  former  are 
Rtiller  and  heavier  than  the  waters  of  seas  c is- equatorial ;  and 
man's  reasoning  fiiculties  safest,  in  explanation  of  thia.  that  this 
difference  of  saltness  or  specific  gravity  is  owing  lo  the  excess 
of  evaporation  in  the  southem  half,  excess  of  precipitation  in  the 
uorlhem  half  of  our  planet.  "  When  water  paasea,  at  212'  Fah- 
renheit, into  steam  it  absorbs  1000''  of  heat,  which  becomes  in- 
(ion»iblo  tu  the  thermometer,  or  latent ;  and  conversely,  when 
citeaTD  is  oondonaed  into  water,  it  gives  out  1000°  of  latent  heat, 
wbioh  thus  becomes  free,  and  affects  both  the  thermometer  and 
the  senses.  Hence  steam  of  212°  Fahrenheit  will,  in  condensing, 
heat  five  and  a  half  times  its  own  weight  of  water  from  the 
freezing  lo  the  Iwjiling  point." — M'OuUoeh.  Now  there  is  in  the 
southem  n  very  much  larger  water  surface  exposed  lo  the  anu 
than  there  is  in  the  northern  liemisphere,  and  this  excess  of  beat 
is  employed  in  lifting  up  vapour  from  that  broad  surface,  in 
transporting  it  across  the  torrid  zone  and  conveying  it  to  extra- 
tropical  northern  latitudes,  where  the  vapour  is  condensed  to 
replenish  our  fountains,  and  where  this  southern  heat  is  set  free 
to  mitigate  the  severity  of  northern  climates. 

455.  JU  influence  upon  dmaiet. — ^lu  order  to  traces  little 
farther,  in  our  blind  way,  the  evidences  of  wisdom  and  design, 
which  we  imagine  we  can  detect  in  the  terrestrial  arrangement 
of  land  and  water,  let  us  fiincy  the  southern  hemisphere  to  have 
the  land  of  the  northern,  and  tlie  northern  to  have  the  water  of 
the  southern,  the  earth's  orbit  remaining  the  same.  Is  it  not 
obvions  to  our  reason  that  hy  this  change  the  whole  system  of 

Elology  in  both  lieniiapheros  would  be  uhaoged  1  The  climates 
r  planet  are  as  obedient  to  law  &a  iha  hosts  of  heaven. 
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They  are  as  they  were  designed  to  be  ;  and  all  those  ageaU 
which  are  cocoerned  in  regulating,  oontruUing.  and  sustainiiig 
them  are  "  miaistera  of  Hiu."  Johnston,  in  the  chapter  to 
I'kte  XVIII.  of  his  great  Physical  Atlas,  thus  alludea  to  ths 
seas,  land,  and  climates  of  the  two  bemiKphereit ;  "  The  mild 
winter  of  the  Bouthern  hemisphere,  plus  the  oontemporaneons 
hot  summer  of  tlie  northern  hemisphere,  necessarily  gives  a 
higher  sum  of  temperature  than  the  cool  summer  of  the  southern, 
plus  the  cold  winter  of  the  northern  hemisphere.  The  aboT»- 
described  relations  appear  to  furnish  the  motive  power  in  the 
machinery  of  the  general  atmosphere  of  the  oarth  in  the  periodical 
conversion  of  the  aqueous  vapours  into  liquid  form.  In  this 
manner  the  circuit  of  the  fluid  element,  the  essential  support  of 
all  vegetable  and  animal  life,  no  longer  appears  to  depend  on 
mere  local  coolinrcs,  or  on  the  intermixture  of  atmospherio  cur- 
renfa  of  different  temperatures ;  but  the  unequal  distribution  of 
land  and  sea  in  the  northern  and  southern  hemispheres  suppliee 
an  effectual  provision,  from  whence  it  necessarily  follows  Hut 
the  aqueous  vapour,  which  from  the  autumnal  to  the  vernal  equi- 
nox is  developed  to  an  immense  extent  over  the  southern  hemi- 
sphere, returns  to  the  earth,  in  the  other  half  of  the  year,  in  tlia 
form  of  rain  or  snow.  And  thus  the  wonderful  march  of  the 
moat  powerful  steam-engine  with  which  we  are  acquainted,  the 
atmosphere,  appears  to  bo  permanently  regulated.  The  irregnhtr 
distribution  of  physical  qualities  over  the  earth's  surface  is  hera 
seen  to  be  a  preserving  principle  for  terrestrial  life.  Professor 
Dove  considers  the  northern  hemisphere  as  the  condenser  in  this 
great  steam-engine,  and  the  southern  hemisphere  as  iu  wat«r 
reservoir;  that  the  quantity  of  rain  which  falls  in  the  northern 
hemisphere  is,  therefore,  considerably  greater  than  that  which 
falls  in  the  southern  hemisphere ;  aud  that  one  reason  of  ths 
high  temperature  of  the  northern  henusphere  is  that  the  larger 
quantity  of  heat  which  bocomei^  latent  in  the  southern  hemi- 
Hphere  in  the  formation  of  aqueous  vapour  is  set  free  in  the  QortK 
in  great  falls  of  rain  and  snow." 

466.  The  readit  of  the  marine  Sjdromelw. — In  this  view  of  what 
our  little  hydrometer  has  developed  or  suggested,  we  trace  the 
priuoiples  of  compensation  and  adjustment,  the  marks  of  design, 
the  evidence  of  adaptation  between  the  orbit  of  the  earth  end 
the  time  from  the  vernal  to  tbe  autumnal,  and  from  the  autumnal 
to  the  vernal  equinox;  between  the  arrangenient  of  the  land  u 
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one  hemiepliere  and  the  arrangemeni  of  tbo  water  in  the  other; 
between  the  raine  of  the  nurlhem  and  the  winds  of  the  southern 
hemisphere ;  between  the  vapour  in  the  air  and  the  salts  of  the 
sea  ;  and  between  climates  on  opposite  sides  of  the  equator.  And 
all  this  is  suggested  by  merely  floating  a  glass  bubble  in  sea 
water  during  a  Toyage  to  the  Pacific  I  Thus  even  the  little 
hydrometer,  in  its  mute  way,  points  the  Christian  philoeopher  to 
the  evidences  uf  design  in  .croatioo.  That  the  arrangements 
suggested  above  are  adapted  to  each  other,  this  instrument  affords 
US  evidence  as  clear  as  that  which  the  telescope  and  the  micro- 
Bcope  bear  in  proof  that  the  eye,  in  its  structure,  was  adapted  to 
the  light  of  heaven.  The  iinivcrae  is  the  expression  of  one 
thought,  and  that  it  is  bo  every  new  fact  developed  in  the  pro- 
gress of  our  researches  is  gloriuus  proof. 

457.  Barometer  itidkalumt  of  an  open  nfo. — In  the  course  of  onr 
'nve^tigations  into  the  physics  of  the  Gea,  100,000  observations 
of  the  barometer,  and  more  than  a  million  on  the  direction  of  the 
winds  have  been  discussed.  They  indicate  an  open  water  in  the 
Arctic  Ocean.  They  show  that  about  the  poles  there  is  a  high 
degree  of  aerial  rarefaction — higher,  indeed,  than  there  is  about 
the  equator ;  for  the  barometer  not  only  stands  lower  in  this 
place  of  polar  calms  than  it  does  in  the  equatorial  calm  belt,  bat 
the  inrushing  air  comes  from  a  greater  distance  to  the  cold  than 
to  the  warm  calms.* 

458.  Polar  rare/action. — The  question  may  bo  asked,  Whence 
comes  the  heat  that  expands  and  rarefies  the  atmospheii)  in  these 
polar  places?  The  answer  is,  it  comes  from  the  ondensalion  of 
vapour.  The  south  pole  is  snirouuded  by  water,  the  north  polo 
by  land.  But  the  unexplored  regions  within  the  arctic  basin  are 
(5  429)  for  the  most  part  probably  sea,  within  the  antarctic,  land, 
""he  rarefaction  produced  in  the    latter  by  the  latent  heat  of 

is  such  that  the  mean  height  of  the  barometer  there  is 
B  inches,  while  that  in  the  arctic  calm  place  is  such  as  to 
.nee  the  barometer  there  to  a  mean  not  far  from  29.5  inches. 
the  equatorial  culm  its  mean  height  is  about  2il.t>  inches.  The 
hypothesis  of  an  open  sea  in  the  Arctic  Ocean  becomes  neoesssry 
to  supply  a  source  for  this  vapour;  for  the  winds,  entering  the 
Arctic  Ocean  as  they  do  after  passing  over  land  and  monntain 
heights  of  America,  Europe,  and  Asia,  must  be  robbed  of  much 
of  their  moisture  ere  they  reach  that  ocean ;  it  will  require 
*  Plate  IT,  Nanlickl  Monogrqli  Na  L 
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abundant  supply  of  vapour  to  create  there  by  precipitatum  and 
the  liberation  of  lateot  heat  a  degree  of  rarefaction  sufficient  to 
cause  a  general  movement  of  the  air  polarward  for  the  distanoa 
of  40°  of  latitude  all  round.  That  there  is  au  immeoso  volome 
of  compaiatively  warm  water  going  into  the  Arctic  Ocean  is 
abimdantlj  shown  hy  obser\'ation,  and  the  rising  up  there  of  this 
water  to  the  surface  would  afford  heat  and  vapour  enough  for  » 
vast  degree  of  rarefaction.  , 

459.  The '  middle  ten. — The  records  of  arotto  explorvtions, 
Iflgether  with  the  whalemen's  accounts  of  "middle  ic« "  in 
llaffin's  Bay  and  Daviti'  btraite,  go  to  aon£na  this  view,  which 
is  further  eUboratod  in  the  next  chapter  (§  475).  The  facta 
there  stated,  and  this  "  middle  ice,"  go  to  show  that  every  winter 
a  drift  takes  place  which  brings  out  of  the  Frozen  Ocean  a 
tongue  of  ioe  a  thousand  miJes  or  more  in  length  :  it  is  the  com- 
pact and  cold  "  middle  ice."  In  our  fresh-water  streams  it  is  iha 
vUddle  ioe  that  first  breaks  up;  that  which  is  out  of  the  vny  at 
the  curent  remains  longest.  Not  so  in  this  bay  and  strait ;  then 
the  littoral  ice  first  gives  way,  leaving  au  open  channel  on  either 
Hide  in  spring  and  early  summer,  while  the  "middle  ioe" 
remains  firm  and  impassable.  The  explanation  is  simple  enough: 
the  middle  ice  was  formed  in  the  severe  oold  of  more  northern 
latitudes,  from  which  it  has  drifted  down,  while  that  on  the  sides 
was  formed  in  the  loss  severe  climates  of  the  bay  and  straitB, 
This  winter  tongue  of  ioe,  which  we  know  by  actual  observation 
is  in  motion  from  December  till  May,  must,  diuing  that  time,  be 
detached  from  the  main  mass  of  ice  in  the  Arctic  Ocean,  ooom- 
quentiy  there  must  be  water  between  the  ice  that  is  in  motion 
and  the  ice  that  is  at  rest.  Not  only  so.  In  early  summer  the 
whalemen  will  run  up  to  the  north  in  the  open  water  at  the  sida 
of  the  "middle  ice  "  in  Davis'  Strait  and  Baffin's  Bay,  even  u 
far  sometimes  as  (Jape  Alexander  in  78",  to  look  for  a  crosBing- 
place.  Here,  though  so  fai'  north,  they  will  find  the  "  middle 
ice  "  gone,  or  so  broken  up  that  they  can  cross  over  to  the  west 
side.  They  trace  it  up  thus  far.  because  at  the  south,  and  in 
spite  of  a  higher  thermometer,  they  find  the  "middle  ice"  com* 
pact  and  firm,  so  much  so  as  to  bo  impassable.  In  this  fact  wa 
recognize  another  circumstance  favouring  the  theory  of  au  open 
nea  at  the  north,  and  giving  plausibility  to  the  conjecture  that 
this  "middle  ice  "  drifts  out  from  the  southern  edge  of  the  opaa 
sea  as  ^t  as  it  is  formed  during  the  winter,     Acoordiiig  tq  ~" 
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ounjeetnre,  the  thickest  part  of  the  "  middle  ice  "  sbould  be  that 
which  has  beou  exposed  to  the  longest  and  geveTOBt  cold,  and 
thie  IB  jirobably  that  which  began  to  be  formed  on  tjie  edge  oi 

ktbe  open  eea  iu  Janauy.  As  it  drifted  to  the  south  It  continued 
fft  fona  and  grow  thick,  and  perhaps  would  be  the  last  to  melt : 
while  that  which  began  to  be  formed  at  the  edge  of  the  open  Boa 
|b  Meirch  or  April  would  drift  out,  and  not  attain  much  thiok- 
bBBB  before  it  would  cease  to  freeze  and  conimoncc  to  thaw.  It 
p  this  Kpring-made  "  middle  ice  "  then,  which,  as  it  drifts  to  the 
■onfh,  would,  being  thin,  be  the  first  to  break  up  ;  and  experience 
has  taught  the  whalemen  to  look  north,  not  south,  for  the  first 
breaking  up  and  the  earliest  passage  through  the  "  middle  ice." 

4tj0.  Poiition  of  the  open  wa-^lTie  open  sea,  therefore,  is,  it 

may  be  inferred,  at  no  graat  distance  from  the  several  Rtraits, 

which,  leading  in  a  northwardly  direction,  connect  Itaffin's  Buy 

with  the  Arctic  Ocean.     It  is  through  Uiese  straits  that  the 

winter  drift  takes  place.  Tbe  ice  iu  which  the  Fox,  the  Itesolute, 

the  Advance,  and  the  Besoue  each  drifted  a  thousand  miles  ormore, 

came  down  through  these  straits.    The  fa-rt  of  thie  annual  winter 

drift  &om  the  Arctic  Ocean  is  a  most  important  one  for  future 

H    ^^lorers.     Had  Captain  Franklin  known  of  it,  he  might  have 

^bfot  his  vessels  in  the  line  of  it,  and  so  escaped  the  rigouis  oi 

^Hl^tat  second  winter.     It  would  have  brought  him  safely  to  the 

^FpwaUel  of  65°  or  ('0°,  and  sot  bim  free,  as  it  did  four  other 

^B  Tasseb,  In  the  glad  waters  of  the  Atlantic  Ocean. 


CHAPTEE  X. 
S  461-489. — THE  SALTS  OF  ^ 


461.  3lfl  bntte  of  tJte  oreon.— Tbe  brine  of  the  ocean  is  the  ley 
of  the  earth  (§  43).  From  it  the  sea  derives  dynamical  power, 
and  its  currents  their  main  strength.  Hence,  to  understand  the 
dynamics  of  the  ocean,  it  is  necessary  to  study  the  effects  of 
their  saltness  upon  tbe  equilihriuni  of  its  waters ;  wherefore  ibis 
chapter  is  added  to  assist  in  the  elucidation  of  what  has  already 
been  said  concerning  the  currents  and  other  phenomena  of  the 
Why  was  the  sea  made  salt  ?  It  is  the  salts  of  the  sea  tho 
I  itnpart  to  its  waters  those  curioun  anomalies  in  the  laws  c 
eenng  and  of  thermal  dilatation  which  have  been  deeoribed  la  a 
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jireviouB  cliapter  (IX.).  It  is  the  salts  of  the  eea.  that  assist  tlia 
rays  of  heat  to  penetrate  its  bosom;"  but  for  those,  the  solar  ray, 
instead  of  heating  large  mafieea  of  water  like  the  Gulf  Stream, 
would  play  only  at  or  uear  the  enrface,  raisbig  ifae  temperatare 
of  the  waters  there,  like  the  sand  in  desert  places,  to  an  iaordi- 
nale  degree.  The  salts  of  the  sea  invest  it  with  adaptations 
which  it  cNJuld  not  possesa  were  its  waters  fresh.  Were  thej 
fresh,  they  would  attain  their  masimum  density  at  39°.5  inEtead 
of  25^.6,  and  the  eea  then  would  not  have  dynamical  force  enongh 
to  put  the  Gulf  Stream  in  motion,  nor  could  it  regulate  those 
climates  we  call  marine. 

462.  Were  the  tea  offrtA  mder. — Wore  the  aea  fresh  and  not 
salt,  Ireland  would  never  have  presented  those  ever-green  shoreB 
which  have  won  for  her  the  name  of  the  ''  Emerald  Isle ;"  and 
tha  climate  of  England  wonld  have  vied  with  Labrador  for 
inhuapitality.  Had  not  the  sea  been  salt,  the  torrid  zone  would 
have  been  hotter  and  the  frigid  colder  for  lack  of  aqueous 
oircnlation  ;  bad  the  sea  not  been  salt,  intertropical  seas  would 
have  been  at  a  constant  temperature  higher  than  blood  heat,  and 
the  polar  oceans  would  have  boea  scaled  up  in  everlasting  fettera 
of  ice,  while  certain  parts  of  the  earth  would  have  been  deluged 
with  rain.  Had  the  seas  been  of  fresh  water,  the  amount  of 
evaporation,  the  quantity  of  rain,  the  volume  and  size  of  our 
rivets,  would  all  have  been  difierent  from  what  they  ore ;  iJia 
quantity  of  electricity  in  the  air  would  have  been  peTinanently 
changed  from  what  it  is,  and  its  tension  in  the  sky  would  have 
been  exceedingly  feeble.  In  the  evaporation  of  fresh  water  at 
normal  temperatures,  but  little  of  that  fluid  is  evolved ;  ^hile 
vapour  from  salt  water  carries  off  vitreous,  and  leaves  behind 
resinous  electricity  in  abundance.  Hence,  vHth  seas  of  fr^sh 
water,  our  thunder-storms  would  be  feeble  contrivances,  flashing 
only  with  such  sparks  as  the  vegetable  kingdom  might,  when 
the  juices  of  its  plants  were  converted  into  vapour,  lend  to  HiA 
clouds.  It  might  seem  strange,  this  idea  that  the  thunderbolt  of 
the  sky,  the  sheet-lightning  of  the  clouds,  and  the  forked  flashes 
uf  the  storm,  all  have  their  genesis  chiefly  in  the  salts  of  the  sea, 
and  BO  it  would  be  held  were  it  not  that  Faraday  has  sl)own  that 
a  single  grain  of  water  and  a  little  zinc  can  evolve  electricity 
enough  for  a  thunder-clap  ;  therefore,  were  there  no  salts  in  lh« 
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TiBteTS  of  the  ocean,  the  Bound  of  thunder  would  ec&rce  be  he&rd 
iu  the  sky*— there  would  be  no  Gulf  Stream,  and  no  open  sea  in 
the  Arotii:  Ocean, 

463.  Uniform  eharaeter  of  tea  rniUr. — As  a  general  rule,  the 
oonstitaenta  of  sea  water  are  as  conetant  in  their  proportions  as 
are  the  componenta  of  the  atmosphere.  It  is  true  that  we  some- 
times come  across  arme  of  the  sea,  or  places  in  the  ocean,  where 
we  find  the  water  more  salt  or  loss  salt  than  sea  water  is 
generally ;  but  this  ciicamBtanoe  is  due  to  local  causes  of  easy 
eiplaoation.  For  instance :  when  we  come  to  an  arm  of  the  sea, 
as  the  lied  Sea  (§  376),  upon  which  it  never  rains,  and  from 
which  the  atmosphere  is  continually  abstracting,  by  evaporatioi), 
fresh  water  from  the  salt,  we  may  naturally  expect  to  find  a 
greater  proportion  of  salt  in  the  sea  water  that  remains  than  we 
do  near  the  month  of  some  great  river,  as  the  Amazon,  or  in  the 
regions  of  constant  precipitation,  or  in  other  parts,  as  on  the  polar 
side  of  40"  in  the  North  Atlantic,  where  it  rains  more  than  it 
evaporates.  Yet  in  the  case  of  the  Bed  Sea,  and  all  such  natural 
salt-pans,  as  that  and  other  rainless  portions  of  tho  sea  may  be 
called,  there  is,  on  account  of  currents  which  are  continually 
bearing  away  the  water  that  has  given  off  its  vapours  and  bringing 
forward  that  which  is  less  concentrated  as  to  brine,  a  moderate 
degree  of  salteess  which  its  waters  cannot  eiceed.  We  moreover 
find  that,  though  the  constituents  of  sea  water,  like  those  of  the 
atmosphere,  are  not  for  every  place  invariably  the  same  as  to 
their  proportiona,  yet  they  are  the  eame,  or  nearly  the  same,  aa 
tu  their  character.  When,  therefore,  we  take  into  consideration  the 
fact  that,  as  a  general  rule,  sea  water  is,  with  the  exception  above 
stated,  everywhere  and  always  the  same,  and  that  it  can  only  he 
made  so  by  being  well  shaken  together,  we  find  grounds  on 
which  to  base  Ihe  conjecture  that  the  ocean  has  its  system  of  cir- 
culation, which  is  well  calculated  to  excite  our  admiration,  for  it 
is  as  wonderful  as  the  circulation  of  the  blood. 

*  Tbe  great  AniericuD  lakes  eflbrd,  it  may  )»  supposed,  a  coneidemble  por- 
tioa  of  tho  Tapunr  wliloli  goes  to  mote  raia  for  the  hf  diograpljio  bBaia  in  wlilch 
Uiey  are.  Vuutiag  lt>s  Lake  ooaatry  in  1858, 1  wsi  ■truck  with  tlie  brt  tlut 
K>  few  tteaa  tiore  the  marks  nf  iightomg.  The  mlo  appeared  to  be,  tlu>  neater 
the  lakes,  the  more  rare  naa  it  for  one  of  tbeae  omuoents  of  tiia  forest  to  bafc 
been  defaced  bj  lighlniog:  and.  on  inquirj  &odi  the  Lake  Boanl  of  Vadci> 
Wtitera,  I  was  informed  Ihst  aoiang  the  records  of  lake  ilisasten  there  Woti  Hot 
a  ainglo  inatauco  of  u  vessel  b*Tiag  been  atttuk  by  lightning  on  the  North 
American  lakw  I 
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404.  Sypolhew*. — In  order  to  investigate  the  effect  of  the  salts 
of  the  Rea  upon  its  onrrents,  and  to  catcb  a  glimpse  of  tlie  latrs 
lij"  which  the  circulation  of  its  waters  is  governed,  hypothesis,  in 
the  proHent  meagre  state  of  absolnte  knowledge  with  regard  to 
the  enbject,  seems  to  be  as  necessary  to  progress  m  is  a  conwr- 
atane  to  a  building.  To  make  progress  with  such  inTestigationa 
we  want  something  to  build  upon.  In  the  absence  of  facts,  we 
are  sometimes  permitted  to  eiippose  them ;  only,  in  supposing 
them,  we  shonld  take  not  only  the  possible,  but  the  probable ; 
and  in  making  the  selection  of  the  various  hypotheses  which  aie 
su^eated,  we  are  bound  to  prefer  that  one  by  which  the  greatest 
number  of  phenomena  can  be  reconciled.  When  we  have  found, 
tried,  and  offered  such  a  one,  we  ure  entitled  to  claim  for  it  a 
respectfiil  consideration  at  least,  until  we  discover  it  leading  n* 
into  some  palpable  absurdity,  or  until  some  other  hypotbeais  be 
sn^ested  which  will  account  equally  as  well,  but  for  a  greater 
number  of  phenomena.  Then,  aa  honest  searchers  after  truth, 
we  should  be  ready  to  give  np  the  former,  adopt  the  latter,  and 
hold  it  until  some  other  better  than  either  of  the  two  be  oflfered. 
With  this  understanding,  I  venture  to  oflfer  an  hypothesis  with 
regard  t-o  the  agency  of  the  salts  or  solid  matter  of  the  sea  in 
imparting  dywunical  force  to  the  waters  of  the  ocean,  and  to 
suggest  that  one  of  the  purposes  which,  in  the  grand  design,  it 
was  probably  intended  to  accomplish  by  having  the  sea  salt,  aud 
not  fresh,  was  to  impart  to  ila  waters  the  forces  and  powers 
necessary  to  make  their  oircnlation  complete.  In  the  first  place, 
we  rely  mainly  upon  hypothesis  or  conjecture  for  the  assertion 
that  there  is  a  set  of  currents  in  the  sea  by  which  its  watew  arc 
conveyed  from  place  to  place  with  regularity,  certainty,  and 
order.  But  this  conjcctnre  appears  to  be  founded  on  reason,  and 
WB  behove  it  to  bo  true  :  for  if  we  take  a  sample  of  wat«r  which 
shall  fairly  represent,  in  the  proportion  of  its  constitui-uts,' the 
average  water  of  the  Pacific  Ocean,  and  analyze  it,  and  if  we  do 
the  same  by  a  similar  sample  from  the  Atlantic,  we  slmll  Sad  the 
analysis  of  the  one  to  resemble  that  of  the  other  as  closely  as 
though  the  two  samples  hod  been  fakeu  from  the  saiue  bottla 
after  liaving  been  well  shaken.  How,  then,  shall  wc  account  fot 
this,  udIosb  upon  tlio  supposition  that  sea  water  from  one  part  of 
the  world  is,  lu  ilio  process  of  time,  brought  in  contact  and  mixed 
up  with  sea  water  from  &U  other  parts  of  the  world  ? 
therefore,  it  would  seem,  are  at  work,  which  shako  up  the  ¥ 
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»  thoroughly  a: 
IB  poi^ibla  for  a  man  to  do  in  a  veeetil  uf  his  own  UDnstraotion. 
This  tact  us  to  oniforinitj  of  compoDeota  appeare  to  call  fur  the 
hypothcEis  that  sea  water  which  to-d^  is  in  one  part  of  the  oceao, 
will,  in  the  process  of  time,  be  found  in  anothei-  part  the  most 
remote.     It  must,  therefore,  be  carried  about  by  ourreDts ;  and 
us  these  currents  have  their  olfiuea  to  perfoim  in  the  toTTestrial 
economy,  they  probably  do  not  flow  by  chance,  hut  in  obedience 
^^b,  physical  laws ;   they  no  doubt,  therefore,  assist  to  maintain 
^^H^  order  and  preserve  the  harmony  which  characterise  every 
^^H^Mitment  of  God's  handywork,  and  as  such  we  treat  them. 
^^"  465.  Arguiaentx  afforded  bt/  eoralliiiea  in  favour  of, — ITiiB  hypo- 
thesis about  currentH  is  based  upon  our  faith  in  tlie  physical 
adaptations  with  which  the  sea  ia  invested.     Take,  for  example. 
the  coral  islands,  roefs,  beds,  and  otolla  with  which  the  I'acifio 
ais  studded  and  garnished.    They  were  built  up  of  materials 
a  certain  hind  of  insect  quarried  from  the  sea  water.     The 
mts  of  the  sea  miuisiered  to  this  little  insect — they  wore  itn 
B  earriere.     \\'ben  fresh  sappliea  of  solid  matter  were  wsnted 
E  tho  coral  rock  upon  which  the  foundations  of  the  I'ulynesian 
inds  were  laid,  theee  hod-carriers  brought  them  in  unfailing 
IS  of  sea  water,  loaded  with  food  and  bnilding  materials  fur 
the  coralline.     The  obedient  currents,  therefore,  tiuuU  thread  the 
widest  and  the  deepest  seas,  for  they  never  fail  to  come  at  the  right 
time,  nor  refuse  to  give  place  and  go  after  they  have  muiistered 
to  the  hungry  creature.     Unless  the  cun'enta  of  ihe  sea  were 
employed  to  carry  o)f  from  thia  insect  the  waters  that  liave  been 
emptied  by  it  bf  their  lime,  and  to  bring  to  it  others  charged 
r,  it  is  evident  the  little  creature  would  have  perished 
E  want  of  food  long  before  its  task  was   half  completed.    But 
r  currents,  it  would  have  been  impaled  in  a  nook  of  the  veiy 
p  of  water  in  which  it  was  brought  forth ;   for  it  would  have 
a  secreted  the  liuie  contained  in  this  drop,  and  then,  without 
f  ministering  aid  of  currents  to  bring  it  more,  it  would  have 
ished  for  the  want  of  food  for  itself  and  materials  for  its 
ifice ;  and  thus,  but  for  the  benign  currents  which  took  this 
UQsted  water  away,  there   we  perceive  this  emptied  drop 
old  have  remained,  not  only  as  the  grave  of  the  little  architect, 
itaa  a  monument  in  attestation  of  the  shocking  monstnwity  that 
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there  had  been  a  failure  in  the  niiblime  e}-Htem  of  terr 
adaptations — that  tlie  sea  had  not  been  adiij 
llie  well-being  of  all  its  inhabitauta.  Now 
adsptatione  are  suited  to  all  the  wants  of  every  one  of  its  inluf 
bitanta — to  the  wants  of  the  coial  insect  as  well  as  to  Ihoee  of 
the  whale.  Thus  our  simple  hypothesis  acquires  tlie  majesty  of 
truth,  for  we  are  now  prepared  boldly  to  assert  ice  know  Umt  tlie 
sea  hae  its  system  of  circulation,  because  it  transports  materials 
for  the  ooral  insect  and  its  rock  from  one  part  of  the  world  to 
another ;  because  its  currentB  receive  them  from  the  rivers,  and 
hand  tbcm  over  to  the  little  mason  for  the  structure  of  the  moet 
stupendous  woiks  of  solid  masonry  that  man  has  ever  seen — Hio 
coral  islands  of  the  sea.  Thus,  and  moreover,  by  a  process  of 
reasoning  which  is  perfectly  philosophical,  we  are  irresistibly 
led  to  conjecture  that  there  are  regular  and  certain,  if  not 
appointed  channels  through  which  the  water  travels  from  nne 
peji  of  the  ocean  to  another,  and  that  those  channels  belong  to 
an  arrangement  which  may  make,  and  which,  for  ought  we  know 
to  tlie  contrary,  does  make  the  system  of  oceanic  oirculutiun  as 
ooraplete,  as  peifect,  and  as  harmonious  as  is  that  of  (he  atmo- 
sphere or  the  blood.  Every  drop  of  water  in  the  sea  is  M 
obedient  to  law  and  order  as  are  the  members  of  tbe  heavenly 
host  in  ibe  remotest  regions  of  space ;  for  when  the  morning 
Ktars  sang  t<^ther  in  the  almighty  anthein,  we  are  told  '*  tho 
waves  also  lifted  up  their  voice"  in  chorus;  and  doubtless, 
therefore,  the  harmony  in  the  depths  of  the  ocean  is  in  tune  with 
that  which  comes  from  the  spheres  above.  We  cannot  doubt  it; 
for,  were  it  not  ao,  were  there  no  channels  of  circulation  &om 
ono  ocean  to  another,  and  if,  accordingly,  ihe  waters  of  the 
Atlantic  were  cunfined  to  the  Atlantic,  or  if  the  waters  of  the 
anus  and  seas  of  the  Atlantic  were  confined  to  those  arms  and 
•was,  and  had  no  channels  of  circulation  by  which  they  could  paiB 
out  into  the  ocean,  and  traverse  different  latitudes  and  climates 
— if  this  were  so,  then  the  machinoiy  of  the  ocean  would  he  as 
incomplete  as  that  of  a  watch  without  a  balance-wheel. 

466.  DUlo  hy  lU  Bed  Sea.— Fox  instance,  take  the  Red  Sea  and 
the  Mediterranean  by  way  of  illustration.  Upon  the  Ited  3e* 
there  is  no  precipitation  ;  it  is  a  rainleEs  region  ;  not  a  river  nms 
down  to  it,  not  a  brook  empties  into  it;  therefore  there  u  no 
process  by  which  the  salts  and  washings  of  the  earth,  which  « 
taken  up  and  held  in  solution  by  rain  or  river  wafer, 


:'z3a 


THB  SALTS  OP  THE  8BA.  2il 

brought  dowD  into  tlie  Bed  Sea.  Its  salts  come  from  the  ocean, 
aud  the  uir  takes  iip  fi'om  it,  id  the  process  of  evaporation,  &esh 
water,  leaving  behind,  for  the  currents  to  carry  away,  the  solid 
matter  -wMcb,  as  sea  water,  it  held  in  solution.  On  the  other 
hand,  numerons  rivers  discharge  themselves  into  the  Mediter- 
ranean, some  of  which  arc  filtered  through  soils  and  among 
minerals  which  yield  one  kind  of  salts  or  soluble  matter,  another 
river  runs  through  a  limestone  or  Tolcanic  region  of  oountiy,  and 
brings  down  in  solution  solid  matter — it  may  be  oomiuou  salt, 
sulphate  or  carbonate  of  line,  magnesia,  soda,  potash,  or  iron — 
either  or  all  may  be  in  its  waters.  l:itill,  the  constituents  of  sea 
water  from  the  Mediterranean  and  of  eea  water  from  the  Red  Sea 
are  quite  the  same.  But  the  waters  of  the  Dead  Sea  have  no 
connection  with  thoeo  of  (he  ocean :  they  are  cut  off  from  its 
channels  of  circnlatiDD,  and  are  therefore  quite  different,  as  to 
their  eomponent«,  from  any  arm,  frith,  orgulf  of  the  broad  ocean. 
Its  inhabitants  are  also  different  from  those  of  the  high  aea-s. 
"  The  water  which  evaporates  from  the  sea  is  nearly  pure. 
containing  but  very  minute  traces  of  salts.  Falling  as  rain  upon 
the  land,  it  washes  the  soil,  percolates  through  the  rocky  layers. 
and  becomes  charged  with  saline  substances,  which  are  borne 
seaward  by  the  returning  currents.  The  ocean,  therefore,  is  the 
great  depository  of  everything  that  water  can  dissolve  and  cany 
down  from  the  surface  of  the  continents ;  and,  as  there  is  no 
channel  for  tlieir  escape,  they  of  course  consequently  occnmu- 
lat«."*  Tbey  would  constantly  accumulate,  as  this  very  shrewd 
author  remarks,  were  it  not  for  the  shells  and  insects  of  the  sea 
and  other  agents  mL-ntioned. 

467,  A  general  tystera  of  ctToUation  required  for  Ihe  ocean, — How, 
therefore,  slmll  we  account  for  fhis  sameness  of  compound,  this 
structure  of  coral  (§  ^G,")).  this  stability  as  to  animal  life  in  the  sea, 
lint  upon  the  supposition  of  a  general  system  of  circulation  in  the 
ocean,  by  which,  in  process  of  time,  water  from  one  part  is 
couveyed  to  another  part  the  most  remote,  and  by  which  a 
general  interchange  and  commingling  of  the  waters  take  place  P 
In  like  manner,  the  constituents  of  the  atmosphere,  whether  it 
be  nnaiyzedat  the  equator  or  the  poles,  are  the  same.  By  cutting 
off  and  shutting  up  from  the  general  channels  of  circulation  any 
portion  of  sea  water,  as  in  the  Dead  Bea,  or  of  atmospheric  air,  as 
in  mines  or  wells,  we  can  easily  charge  either  with  gases  'tr 
*  Tcumnti'i  Clicmtetiy. 
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oiber  matter  that  ehull  very  much  affect  its  tharact«r,  < 
the  prapoi'tion  of  its  ingredients,  and  affect  tbo  healib  | 
inhabitants  ;  but  iu  the  open  sea  or  open  air  we  cai 

468.  Dsnamieal  agealt. — The  princijtal  agents  that  are  suppoBtd 
to  be  concerned  in  giving  circulation  to  tlie  atinohphere,  imd  ij! 
jii'e.serving  the  ratio  among  its  components,  are  light,  heat,  elec- 
tricity, nod  perhaps  magnetism.  But  with  regard  to  the  sea,  it 
is  not  knovm  what  o£Bce,  if  any,  is  performed  by  electricity,  in 
giving  dynamical  force  to  its  system  of  circulation.  The  chid 
motive  power  from  which  marine  current*  dorive  their  velocity 
lias  been  ascribed  to  heat ;  but  a  close  study  of  the  agents 
concerned  has  suggesled  that  an  important — nay,  a  powerful  und 
active  agency  in  tUe  system  of  oceanic  circulation  is  derived  from 
tlio  salts  of  the  sea  water,  through  the  instriimenlality  of  ih« 
winds,  of  marine  plants,  and  animnla,  These  give  the  ocean 
gi'ent  dynamical  force.  Let  us,  for  the  soke  of  illustrating  and 
i^xplaining  the  nature  of  this  force,  suppose  the  sea  in  all  \\» 
[mrts — in  ite  depths  and  at  the  surface,  at  the  equaloi'  and  abont 
llie  poles — to  be  of  one  uniform  temperature,  and  to  be  all  of 
fresh  water ;  and,  moreover,  that  there  be  neither  wind  to  distorl) 
its  siiiface,  nor  tides  nor  rains  to  raise  the  level  in  this  part,  or  to 
depress  it  in  that.  In  this  case  there  would  be  nothing  of  beat  [o 
disturb  its  equilibrium,  and  there  would  he  no  motive  pover 
(S  461)  to  beget  currents,  or  to  set  the  water  in  motion  by  reaam 
uf  the  difference  of  level  or  of  specific  gravity  due  to  water  at 
different  densitieg  and  temperatures.  Now  let  us  suppose  the 
winds,  for  the  first  time  since  the  creation,  to  commence  to  blow 
upon  this  quiescent  sea,  and  to  ruffle  its  surface  ;  lliey,  by  their 
foitie,  would  creat«  partial  surface  currents,  and  thus  agitating  tho 
watora,  as  they  do,  but  only  for  a  little  way  below  the  surface,  would 
give  rise  to  a  feeble  circulation  in  the  supposed  sea  of  fresh 
water.  The  surface  drift  thns  created— currents  they  would  hardly 
bo, — would  set  with  the  wind,  giving  rise  to  counter  movementa 
in  the  shape  of  under-tows  and  eddies.  This,  then,  is  one  of  du 
sources  whence  power  is  given  to  the  system  of  oceanic  cironl*' 
tion ;  but,  though  a  feeble  one,  it  is  one  which  exists  in  reali^, 
and,  tlierefore,  need  not  be  regarded  as  hypothetical.  Some  (J  79) 
think  it  the  "  tUc  eaute  t"  Let  us  next  call  in  evaporation  and 
precipitation,  with  heat  and  cold — more  powerful  agenta  sdlL 
Huppaae  the  evaporation  to  commence  from  this  imaginary  freah- 
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water  ocean,  and  to  go  on  as  it  does  from  tie  seas  aa  they  are. 
In  thoee  regions,  as  in  the  trade-wind  regions,  where  evaporation 
is  in  excess  of  precipitation  (§  ^45),  the  general  level  of  this 
mpposed  tea  would  be  altered,  and  inimedjalely  as  much  water 
as  is  carried  ofT  by  evaporation  would  comfflencB  to  flow  in  from 
north  and  soulL  towards  the  trade-wind  or  evaporating  region  to 
restore  the  level.  On  the  other  hand,  the  winds  wonld  have 
taken  this  vapour,  borne  it  otf  to  the  eiitra- tropical  regions,  and 
preoipitated  it,  we  will  suppose,  whore  precipitation  is  in  exceaii 
I  of  evaporation.  Here  ia  another  alteration  of  sea  level  by 
valovation  i:istead  of  by  depression  ;  and  hence  we  have  the  motive 
'''power  for  a  surface  current  from  each  pole  towards  the  equator, 
tlte  object  of  which  is  only  to  supply  the  demand  for  evaporation 
in  the  trade-wind  regions—demand  for  evaporation  being  taken 
here  to  mean  the  diSeronce  between  eyajmration  and  precipitation 
for  any  part  of  the  sea.  Now  imagine  this  aea  of  uniform  tem- 
perature to  be  suddenly  stricken  with  the  invisible  wand  of  heat 
and  cold,  bi-inging  its  waters  to  the  vaiious  temperatures  at  which 
they  at  this  instant  are  standing,  lliis  change  of  temperature 
woiUd  make  a  change  of  specific  gravity  in  the  waters,  which 
would  destroy  the  equilibrium  of  the  whole  ocean  ;  upon  this  a 
set  of  currents  would  immediately  commence  to  flow,  namely,  a'  { 
current  of  cold  and  heavy  water  to  the  place  of  the  warm,  and  a 
current  of  warm  and  lighter  to  the  place  of  the  cold.  Tlie  motive 
power  of  the  currents  thus  created  would  be  difference  of  specific 
gravity  arising  from  difference  of  temperature  in  freab  water. 
We  have  now  traced  the  effect  of  two  agents,  which,  in  a  sea  of 
fresh  water,  would  tend  to  create  currents,  and  to  beget  a  system 
of  aqueous  circulation ;  but  a  set  of  currents,  and  a  system  of 
circulation  which,  it  is  readily  perceived,  would  be  quite  feeble 
in  comparison  with  those  which  we  find  in  the  salt  tea.  One  of 
those  agents  would  be  employed  in  restoring,  by  means  of  one  or 
more  polar  currents,  the  water  that  is  taken  from  one  part  of  the 
ooean  by  evaporation,  and  depoaited  in  another  by  precipitation. 
The  other  agent  would  bo  employed  iu  restoring,  by  the  forceti 
doe  to  difference  of  specific  gravity,  the  equilibrium,  which  has 
been  disturbed  by  heating,  and  of  course  expanding,  the  waters 
of  the  torrid  zone  on  one  hand,  and  by  cooling,  and  consequently 
contracting,  those  of  the  frigid  zone  on  the  other.  This  agency,  I 
would,  if  it  were  not  modified  by  others,  find  expression  in  a 
uystom  of  ourrenta  and  counter  currents,  or  rather  in  &  «at.  ^A 


244       PETBIOAL  CEOQBArBT  OF  THK  SBA,  AND  ITS  METKOBOLOOr.  ^^M 

surface  currents  of  warm  and  lighter  water,  from  the  eqimUir 
tcwards  the  poles,  and  in  anotlier  set  of  under  cnrrents  of  coaler, 
dense,  and  heavy  water  from  the  poles  towards  the  equatur. 

4ti9.  Gurrenis  uiilhoui  wind. —  ijuch.  keeping  out  of  view  the 
influence  of  the  winds,  which  we  may  Kuppoee  would  be  the 
same  whether  the  sea  were  hvH  or  fresh,  would  be  the  Hystem  of 
ijeeanic  oirculalion  were  the  sea  all  of  fresh  water.  But  fresh 
water,  in  cooling,  begins  to  expand  near  the  temperature  of  40°.* 
and  expands  more  and  more  till  it  ruacbes  the  freezing-point,  and 
ceases  to  be  fluid.  Thin  law  of  expansion  by  cooling  would  im- 
part, a  peculiar  feature  to  the  eyst<-m  of  oceanic  circulation  wera 
the  waters  all  &esh,  which  is  not  necessary  here  to  notice  farther 
than  to  eay  it  cannot  ciist  in  seas  of  salt  water,  for  salt  water 
a  405}  contracts  as  its  temperature  is  lowered,  and  until  it  paesea 
its  freezing-point  Hence,  in  consequence  of  its  suits,  changes  of 
temperature  derive  increased  power  to  dialurb  the  equilibrium  of 
the  ocean.  If  this  train  of  reasoning  be  good,  we  may  inter  that, 
in  a  system  of  oceanic  circulation,  the  dynamical  force  to  be  derired 
from  diflerenoe  of  temperature,  where  the  waters  are  all  fresh, 
would  be  quite  feeble ;  and  that  were  the  sea  not  salt,  we  should 
(§  4G2)  probably  have  no  such  current  in  it  as  tho  Gnlf  Stream. 
So  far  we  have  been  reasoning  bypothetically,  toshowwhal  would 
be  the  chief  agents,  esolusivo  of  tho  windii,  in  disturbing  the  equi- 
librium of  the  ocean  were  its  waters  fresh  and  not  salt.  And 
whatever  disturbs  equilibrium  there  may  bo  regarded  as  the 
primiim  mobile  in  any  system  of  marine  currents. 

470.  Infiaence  of  tedtt  and  evaporation. —  Let  ns  now  proceed 
iinoiher  step  in  the  process  of  explaining  and  illustrating  the 
effect  of  the  salts  of  the  eea  in  the  ej-steni  of  oceanic  circulation. 
To  this  end.  let  us  RUppoae  the  imaginary  ocean  of  fresh  water 
suddenly  to  become  that  which  wo  have,  namely,  an  ocean  of  salt 
water  which  contracts  as  its  temperature  is  lowered  (§441)  till  it 
reaches  25''.6.  Let  evaporation  now  commence  in  the  trade- wind 
region,  as  it  was  supposed  to  do  (§  468)  in  the  case  of  the  fresh- 
water seas,  and  as  it  actually  goes  on  in  nature—sod  what 
takes  place  ?  Why,  a  lowering  of  the  sea  level,  as  before.  But  as 
the  vapour  of  salt  water  is  fresh,  or  nearly  so,  fresh  wa'er  only  is 
taken  up  from  the  ocean ;  that  which  remains  behind  is  therefoiQ 
more  salt.  Thus,  while  Ihe  level  is  lowered  in  the  talt  sea,  the 
equilibrinin  is  dentrojed  becnuiie  of  the  saltness  of  the  water;  i 
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the  water  that  remains  after  the  evaporation  takes  place  U,  on 

aocount  of  the  solid  matter  held  in  soliition,  specifically  heavier 

tium  it  was  befiire  any  portion  of  it  waa  converted  into  vapoMr. 

..The  vapuur  is  taken  from  the  surface  water ;  the  surface  water 

tiltereby  becomes  more  salt  (S  463),  and,  under  certain  conditions, 

'  beavier ;  when  it  becomes  heavier,  it  sinks  ;  and  hence  wo  have, 

dnc  to  the  salts  of  the  sea,  a  vertical  circulation,  namely,  a  descent 

of  heavier — because  Salter  and  cooler — water  from  the  surface, 

and  an  ascent  of  water  that  is  lighter— because  it  is  not  so  salt, 

qi,  being  as  salt,  is  not  so  cool  (S  404)— from  tiie  depths  below. 

vapour,  then,  which  is  takeu  up  irom  the  eyaporating  regions 

293),  is  carried  by  the  winds  throngb  their  channels  of  circula- 

in,  and  poured  back  into  the  ocean  where  the  regiona  of  pre- 

litation  are ;  and  by  the  regions  of  precipitation  I  moan  thoee   |' 

of  the  ocean,  as  in  the  polar  basins,  where  the  ocean  receives 
ire  fresh  water  in  the  shape  of  rain,  snow,  etc.,  than  it  returns 
the  atmosphere  in  ihe  shape  of  vapour.  In  the  precipitating  | 
n^ons,  therefore,  the  level  is  destroyed,  an  before  explained,  by 
elevation ;  and  in  the  evaporating  regions,  by  depression ;  which, 
as  already  stated  (S  4<>8),  gives  rise  to  a  system  of  surface  currents,  , 
moving  on  an  inclined  plane,  from  the  poles  towards  the  equator. 
But  we  are  now  cunaidering  the  effects  of  evaporation  and  pre- 
cipitation in  giving  impuiae  to  the  circulation  of  the  ocean  where 
ita  waters  are  tali.  The  fresh  water  that  has  been  taken  from  the 
evaporating  regions  is  deposited  ujxin  those  of  precipitation, 
which,  fur  illustration  merely,  wo  will  locate  in  the  north  polar 
basin.  Among  the  sources  of  supply  of  fresh  water  for  this 
basin,  we  must  include  not  only  the  precipitation  which  takes 
place  over  the  basin  itself,  but  also  the  amount  of  fresh  water 
discharged  into  it  by  the  rivers  of  the  great  hydrugraphical 
basins  of  Arctic  Europe,  Asia,  and  America.  This  fresh  water, 
being  emptied  into  the  I'olar  Sea  and  agitated  by  the  winds, 
becomes  mixed  with  the  salt;  but  as  the  agitation  of  the  sea  by 
the  winds  is  supposed  to  extend  to  no  great  depth  (§  468),  it  is 
only  the  upper  layer  of  salt  water,  and  that  to  a  moderate  depth, 
which  becomes  mixed  with  the  fresh.  The  specific  gmvity  of 
this  upper  layer,  therefore,  is  diminished  just  as  much  as  the 
Specific  gravity  of  the  sea  water  in  the  evaporating  regions  was 
inonased.  And  thus  we  have  a  surface  cnirent  of  ealtbh  water 
firom.  the  poles  towards  the  equator,  and  anundercurrent  of  water 
Her  and  heavier  from  the  equator  to  the  poles.    This  under 
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current  of  brine  supplies,  in  h  great  measiiro,  the  salt  which  thu 
Tipper  current,  freighted  with  freeh  water  from  the  clouds  and 

471.  The  under  atrrenU  omnj  entirety  to  the  aalla  of  tea  water. — 
Thus  it  is  to  the  salts  of  the  sen  ihat  ne  owe  that  feature  in  Ihc 
system  of  oceanic  circulation  which  causes  an  nnder  current  to 
flow  from  the  Mediterranean  into  the  Atlantic  (§  38S),  and 
another  (§  377)  from  the  Hed  Sea  into  the  Indian  Ocean.  And 
it  vi  evident,  since  neither  of  these  seas  is  salting  up,  that  just  ae 
much,  or  nearly  just  as  much  sail  us  the  under  current  bringa  out, 
juat  BO  much  the  upper  cnrrocta  carry  in.  We  now  begin  to  per- 
ceive what  a  powerful  iropiike  is  derived  flora  the  salts  of  the 
sea  in  giving  offeotive  and  active  circulnfion  to  its  waters. 
Hence  we  infer  (§  461)  that  the  currents  of  thn  sen.  by  reason 
of  its  aaituesB,  attain  their  maxim  of  volume  and  ^-elocity. 
Hence,  too,  we  infer  that  the  transportation  of  warm  water  from 
the  equator  towards  the  frozen  regions  of  the  poles,  and  of  cold 
water  from  the  frigid  towards  the  torrid  zone,  is  faeilitat^d ;  and 
consequently  here,  in  the  dynamical  power  which  the  sea  derives 
from  its  salU,  have  we  not  an  agent  by  which  climates  art 
railignted — by  which  lliey  are  softened  and  rendered  much 
more  snlubrious  than  it  would  be  possihle  for  them  to  bo  were 
the  waters  of  the  ocean  deprived  of  their  ])roperty  of  saltness  ? 

4(2.  A  properly  ppcaliar  to  feiu  of  gall  aater. — This  property  of 
saltness  imparts  to  the  walers  of  the  ocean  another  peculiarity, 
by  which  the  sea  is  still  bptter  adapted  for  the  regulation  of 
climates,  and  it  i»  this :  by  evaporating  fresh  water  from  the  salt 
in  the  tropics,  the  HUrface  water  becomes  heavier  than  the  average 
of  sea  water  (§  427).  Thia  heavy  water  is  also  warm  wafer ;  it 
sinIcK,  and  being  a  good  retainer,  but  a  bad  conductor  of  heat, 
this  warm  water  is  employed  in  tmnsporting  through  under 
currents,  heat  for  the  mitigation  of  climate«  in  far-distant  regions. 
Now  this  also  is  a  property  whioh  a  sea  of  frewh  wafer  could  not 
have  (S  430).  Let  the  winds  take  up  their  vapour  from  a  sheet 
of  frosh  water,  and  tliut  at  the  bottom  if  not  disturbed,  for  there 
ia  no  change  in  the  specific  gravity  of  that  at  the  surfaca  by 
which  that  at  the  bottom  may  be  hrought  to  the  top ;  but  lol 
■Ataooration  go  on,  though  never  bo  gently,  from  salt  vraler,  and 
^Hfe  specific  gi'avity  of  that  at  the  top  will  soon  be  so  changed  aa 
Hp404)  to  bring  that  from  the  very  lowest  depths  of  the  aoa  to 

'tin  top,  ^^H 
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B473.  Qumriify  n/MiIf  in  lAofBa.— If  all  the  salts  of  the  eea  were 

joi{>itate4l  nnd  itpreuil  out  equally  over  the  niiilhem  half  of 

a  oondnent,  it  would,  it  hati  been  computed,  cover  the  ground 

e  mile  deep.     ^Vbat  force  could  move  such  a  mass  of  matt«r  on 

e  dry  land  ?     Yet  the  machiuei'y  of  the  ocean,  of  which  it  forms 

^part,  is  so  wisely,  marvellously,  and  wonderfully  compensated, 

Ut  the  most  )^ntle  breeze  that  plays  on  its  bosom,  the  tiniest  in- 

^t  that  seereii-d  xolid  matter  for  ite  sea-chell,  is  capable  of  put- 

g  it  ioalantly  Id  motion.     Still,  when  eglidified  and  placed  in  u 

Bap,  all  the  mechanical  contrivances  of  man,  aided  by  the  trc- 

indoua  forces  of  all  the  steam  and  water  power  of  the  world, 

1  centuries  of  time,  move  even  so  much  as  an   incli 

a  matter  which  the  sunbeam,  the  zephyr,  and  the  iufufiorial 

paect  keep  in  perpetual  motion  and  activity. 

I  4T4.  Dedudioiu. — If  these  inferences  as  to  the  influence  of  the  - 

kits  npon  the  ouri-enla  of  the  sea  be  correct,  the  same  cause 

hicb  produces  an  undercurrent  from  the  Mediterranean  (§471), 

1  an  under  current  from  the  Red  Sea  into  the  ocean,  should 

xluoe  an  under  current  &om  the  ocean  into  the  north  polar  bu- 

;  for  it  may  be  laid  down  as  a  law,  that  whenever  two  oceans, 

1^  two  arms  of  the  sea,  or  two  sheets  of  water,  differing  as  to  salt- 

I,  are  connected  with  each  otlier,  there  are  currents  between 

tem,  vise,,  a  surface  ouirent  from,  and  an  under  current  into  the 

a  of  lightest  water.    In  every  case,  the  hypothesis  with  rcgaid 

~  e  port  performed  by  the  salt,  in  giving  vigour  to  the  system 

eanic  circulation,  requires  that,  counter  to  the  surface  ctirrent 

t  water  with  less  Kult,  there  should  be  an  under  current  of  water 

with  more  salt  in  it.     That  such  is  the  case  with  regard  both  to 

the  Mediteminean  and  the  Ited  ISea  has  been  amply  shown  in 

other  portfi  of  this  work  (5  471),  and  abundantly  proved  by  other 

observers.    That,  in  obedience  to  this  law,  there  is  a  constant 

otment  setting  out  of  the  Arctic  Ocean  through  Davis'  and  other 

BtraitB  thereabout,  which  connect  it  with  the  Atlantic  Ooeon,  is 

geneially  admilled.     Lieutenant  De  Uaven,  United  States  Navy, 

when  in  command  of  the  Amerioan  expedition  in  search  of  Sir 

John  Franklin,  was  frozen  up  with  his  vessels — the  Advance  and 

the  Seecua — in  mid^^hannel  near  Wellington  Straiis ;  and  during 

the  nine  months  that  he  was  so  ^zen,  his  vessels,  like  H.B.M. 

^p  Besolnle  and  the  Fox  (§  431),  each  holding  its  place  in  the 

ice,  were  drifleil  with  it  bodily  for  more  tlian  a  thousand  miles 

h)warda  iho  south. 
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475.  Drift  of  ike  Beirdute.—'Y^o  drifl  of  these  vesselA  is  | 


ficient,  were  theru  no  other  evidi 
of  an  open  sea  in  ito  Arctic  Ocean  ; 
counted  for  upon  any  other  hypothi 
of  the  arctic  regions  on  a  terreEtrial 
the  facte  (§  469),  and  oLher  pbi 

476.  De  Havene  drift.— khowt  the 
being  in  latitude  74°  40',  and  in  1 
Channel,  De  Haven  found  himself, 


to  establish  the  e 

for  this  drift  cannot  I»«l 
lis,  as  a  slight  examination 
;!obe,  and  a  careful  study  of 
will  show. 

liddle  of  Seprember,  1850, 
3  fair  way  of  W'ellingion 
th  the  Advance,  frozen  i 


her  tracks,  as  M'Clintock  did  the  Fok."  in  August.  1857,  who 
tried  to  reach  the  fihure,  but  he  was  fiist  bound,  and  drifting  to 
the  west.  De  Haven,  after  having  been  carried  as  far  as  lit"  25', 
and  M'Clintock  as  far  as  75°  30',  euy  within  nine  hundred  milea 
of  the  pole,  found  their  northerly  conrse  was  arrested  ;  then  com- 
menced with  each  that  celebrated  drift  of  a  thousand  miles  to 
the  south,  and  which  from  December  lasted,  the  one  till  June, 
the  other  till  April  25th.  TheBO  vessels  wei*  not  drifted  Hirovgh 
the  ice,  but  wiOi  the  ice ;  for  in  lat.  65°  30',  when  Do  Haven  wbb 
liberated  on  the  9th  of  June,  ho  had  the  same  "  hummocks,"  the 
same  snowdrifts,  and  the  same  icy  landscape  which  set  out  with 
him  on  December  2nd,  when  he  commenced  his  drift  from  tbe 
parallel  of  75°  26'.t 

477.  An  atUi-jmli/nitM  viea. — Now,  upon  the  theory  of  no  open 
water,  and  upon  the  supposition  of  an  ice-covered  iea  that  seals 
up  in  winter  all  the  unexplored  regions  of  the  north,  lot  us,  in 
imagination,  take  a  survey  of  that  sea  just  as  the  anti-polynians, 
according  to  their  theory,  would  have  it.  Let  the  time  of  the 
survey  be  at  the  beginning  of  winter,  when  De  Haven  commenced 
hia  southwardly  drift.  From  the  Advance  (o  the  pule — a  die- 
tanoe  of  900  miles — no  water  is  to  be  seen  :  the  frost  has  bridged 
it  all  over.  From  tho  pole  to  the  distance  of  900  milea  beyond, 
and  all  around,  it  is  one  field  of  thick-ribbed  ice.  The  flal,  and 
tame,  and  dreary  landscape  may  be  relieved  hero  and  there, 
perhaps,  by  islands,  capes,  and  promontories  dotting  the  sur^ioe, 
but  nevertheless  it  is  now  at  least  an  cold — being  winter — from 

•  A  screw  jaclit  of  177  tons. 

t  Do  Haven  was  froletL  in  UL  7i^  40',  lung.  D2^  53';  was  carried  np  (o 
75^  25'  N..  Ulil  tliBDCD  dottQ  to  G6^  15'  14.,  5S^  35'  V!  ,  when  ha  wiu  libeiated. 
The  Fox  wse  bozea  in  75°  SU'  N.,  CA'^  W, ;  wua  cBrricd  weat  to  69^  in  the  euw 
latitude,  BDd  ttienco  dowu  lo  63->  50'  N..  und  S7°  W.,  wLen  the  was  liberated. 
The  Bmolate  vm  abandoned  in  kl.  7i^  40',  ioag.  101°  20',  and  w«i  picked  vf 
afloat  off  Cape  Murrj  in  115'^  N, 


TBI    SALTS    OW    TUB    HKA.  249 

lie  pole  ill  arouud  to  the  parallel  nf  76°,  aa  it  was  in  early  fall 
when  De  Haven  bc-iiig  neur  that  parftUel  in  Wellington  Channel, 
foanJ  Liii  veseol  fasi.  bound  with  tbe  fetters  of  the  frost-king. 
Wherefore  we  may  suppose  that  these  thporista  would  admit  the 
whole  to  bo  fi-ozen  by  December.  So  that,  according  to  the 
anii-polynian  view,  we  have,  measiiring  from  the  pole  ae  a  centre, 
a  diRC  of  ice  more  than  five  thoutiaDd  miles  in  cireumference,  and 
extending  quite  down  to  ihe  nhores  of  arotiu  America  and  Asia. 
Such  is  the  aspect  pieeented  by  the  polar  eea  without  an  open 
water  in  winter ;  now,  on  tbe  2nd  of  December — (he  moment 
^Llwfors  tliia  remarkable  diift  commenced — was  the  entire  sheet  of 
^Hbe  with  which  we  have  suppoEed  the  Arctic  Ocean  to  be  covered, 
^^^ot  in  motion,  or  was  ibat  only  put  in  motion  which  drifted  ont  ? 
By  the  hypothesis  (here  is  no  open  water  in  all  the  circumference 
of  this  Kea  into  which  the  ice  might  drift.  We  therefore  may 
well  ask  the  anti-polyniana  again.  How  did  this  drift  commence  ? 
for  commence  it  did  ;  its  movement  was  outof  that  sea,  and  from 
the  pole  towards  the  equator,  and  ho  it  continned  Ui  move  for  six 
months  at  the  average  rate  of  Hi  miles  a  day.  But  whence — on 
what  parallel — did  it  commence?  Was  the  whole  disc  in  motion 
from  the  shores  of  Siberia  over  across  by  way  of  tbe  north  polo 
towards  Wellington  Channel  ?  If  one  part  of  this  disc  be  put  in 
motion,  either  the  whole  must  he,  or  there  most  be  somewhere, 
ft  aplit  or  a  rent  in  it,  with  open  water  between.  If,  during  the 
inter  and  spring — the  coldest  period — the  edge  of  this  ice-diac 
)t  Wellington  Channel  be  carried  by  the  cnrrents  a  thoneand 
miles  towards  the  south,  the  edge  along  the  Russian  shores  on 
the  opposite  side  must  have  been  drifted  towards  the  north  a 
tbowand  miles  also,  and  so  leave  an  open  water  behind.  Now 
we  simply  know  there  was  no  such  drifting  up  from  tbe  Siberian 
shores,  and  tbe  case  is  put  simply  to  tJiow  that  in  any  cose  the 
northerly  edge  of  tbe  drifting  ioe  must  have  come  from  open  water ; 
for  if  we  deny  the  exictenco  of  an  open  water  in  that  direction, 
then  we  must  go  back  and  admit  that  at  the  bogiuuing  of  the 
^^^ift  there  was  ice  all  the  way  from  Wellington  Chniinel  to  the 
^^Sorth  Pole,  and  thence  all  the  way  from  the  North  Pole  to  the 
^^^barest  land  beyouil,  which  is  supposed  to  he  the  ijiberian  ebores 
of  the  Old  World.  But,  on  the  other  hand,  we  must  aUio  admit 
tbe  tact — for  the  Advance,  the  Itescue,  the  Fox,  and  the  Resolute 
are  witnesses  of  it— that  a  tongue  of  this  ice  1000  miles  long  was 

kin  each  of  these  winters  thrust  out  of  ibo  polar  basin  down 
Ibroagh   Baffin's  Bay  into  Davis'    Straito.     Thesa  t\^^  « 
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1  open  water  here  in  the  Arctic  Ocean  to  discover 
u  force  there  whiuii,  during  the  extreme  cold  months  of  tlie 
northern  night,  when  the  ice  is  making  all  the  time,  could  tear 
from  lie  fa^teninga  anil  move  ^i  miles  a  day  all  through  the 
winter  and  spring  a  diec  of  ice  seven  feet  thick"  and  1800  geo- 
graphical mUes  in  diameter.  Yet  such  seem  to  be  the  conditions 
which  the  abeencc  of  open  water  would  require ;  for,  when  the 
Advance  was  thawed  out,  there  was  a  thoutiand  miles  of  ice  u> 
the  northward  of  her,  and  between  hor  and  Wellington  Channel. 
This  1000  miles  of  ice  had  drifted  out  of  the  polar  basin  during 
her  journey  to  the  south ;  for  when  she  waa  liberated  there  wa» 
doubtless  a  continuous  sheet  of  ice  between  her  iu  lat.  65^,  and 
Wellington  Channel  in  lat.  76°.  This  tongue  of  ico  is  wbeit  the 
whalemen  call  the  "middle  ice"  of  Baffin's  Bay.  When  the 
Advance  wae  at  Wellington  Channel,  this  thousand  miles  of  ice 
must,  according  to  the  anti-poljnians,  have  been  to  the  north  of 
her ;  oT,  according  to  the  other  school,  it  must,  ax  it  drifted 
towarilR  the  south,  have  been  forming  lowards  the  north  at  tba 
edge  of  an  open  gea  (S  159).  And  towards  the  north  Ue  Haven 
saw  a  water-bky,  and  towards  the  north  Penny  afterwards  found 
an  open  aca  and  bailed  npon  it. 

476.  2%e  drift  arplained. — Upon  the  supposition  that  the  ioa 
which  drifts  out  of  the  Arctic  Ocean  in  the  dead  of  winter  is 
funned  on  the  edge  of  an  open  water  not  far  from  the  channel 
through  which  it  drifts,  we  can  account  fur  all  the  known  facia 
which  attended  the  celebrated  drifts  of  Se  Haven  M'Clintock,! 
and  the  Resolute.  Upon  no  other  theory  can  those  well-known 
and  well-authenticated  facts  bo  reconciled.  If  there  be  no  open 
water  during  this  winter  drift,  which  there  is  reason  to  believe 
lakes  place  annually,  both  the  Advance,  Fox,  and  the  Uesolnte 
indicate  that  the  whole  icy  covering— the  frost-shell  of  the  polar 
sea  in  winter— miist  have  drifted  bodily  far  enough,  on  these 
three  several  occasions  at  lea^t,  to  set  each  vessel  a  thouBaad 
miles  on  her  way  towards  the  south.  And  tbus,  without  bringing 
in  again  the  long  chain  of  evidence  from  Chapter  IX.,  the  pbysicftl 
necessity  of  an  open  sea  in  the  Arctic  Ocean  is  proved.  { 

•  Dc  Hnvoa  found  tho  wa  uixw  nUieli  Uia  vcssi'l  wiu  lironght  out  Til 
2  incbes  thick, 
t  In  the  Fol,  1S57-1S5& 

I  "  Tlie  Fos  uccoinplished  anolher  of  tliose  remnrfc«blfi  drUls  whieh 
ajJaiiivii  upon  no  other  bjpolLicaiB  but  that  of  ui  opes  wntor  ia  tbe  Aiotla 


i 
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UtohieM  of  a  mnter't  iee. — On  tbe  first  of  April  Be 
tveo  moaBured  the  ice,  and  found  it  Heven  feet  two  inchea 
licki  It  was  formed  probably  mostly  of  rain  and  river  wuter, 
'hiub,  like  our  own  littoral  waters  (S  42G ),  protect  tlie  Bailor  niid 


,   Oonn.  and  ttukt,  too,  not  fm  rtom  the  enlmnce  into  it  of  aome  of  the  oboaiula 
!l  BtLffin's  Buj  on  tliQ  polar  mle  of  75°.    Tho  Fux  wns 
mpting  (o  puBB  from  Molville  Buy  oTer  to  Ijincaater  BomiJ.  in  Angiist.  18S7, 
1  tlu  ISth  Aaj  uf  thut  niot.lh  «be  roll  rn  with  k<?.  id  which  ahe  mw 
illj  tmi-a  up.  aoH  rDmninnl  so  for  S42  dnys,  during  which  time  site  wu 
~  d  to  tbomuthwanl  I1S4  niili^  which  ^tch  an  average  nte  of  fire  inileB  it 

*  This  drift,  the  drift  of  the  B«oIutc.  of  the  Advance,  uid  Rescue,  each  up- 
a  thouEond  miles — appears  to  Indtaite  tbnt  a  ainiilBi  drift  takeB  place 
my  year.  Thov  show  the  eiistence  of  a  pflljTiiu,  and  iadicaCe  thai  the  open 
ia  to  lis  aon^t  for  at  no  greater  diatance  from  Kennedy's  Channel  on  the 
II  hauid.  and  Maanr'g  on  the  other.    This  conclusion  is  reached  by  a  pTocun 

noiug  of  this  sort ; 

if  Wlieueach  one  of  these  ressela  was  leloased  from  liercold  feltere.  tliere  was 
lalltleH  twbtnd  her,  and  between  her  pliice  of  rt-1ce:ae  and  her  place  of  original 
II  uninterruptM  reach  of  a  thousand  mil^  covered  with  iee; 
h  iee,  during  tlie  fall,  the  winter,  and  early  spring,  drifted  ont  of  the  Aratio 
Now  we  hnro  Uie  aboi«!  of  two  anppoditiona.  and  of  only  two,  in  expla- 
of  this  phcnomoDon.  and  thoy  nto :  Either  that  the  gieat  body  of  oU 
^T-fanned  ice  of  the  Arctic  Ocean  must  have  drifted  in  an  unbroken 
a  orer  towanls  Bal9a'«  Bay;  for  these  t<>ssqIb  v,-efe  bnu^l  ont  upon  a 
tongue  of  ice  thrust  through  that  bay  d<iwD  into  Dniis'  Straita  :  or  that  this 
tongue  nioet  have  been  separated  from  the  main  nmsB,  leaving  behind  that  from 
which  it  bad  been  sovered. 

-ByUie  Utter  BoppnaiCiDa  all  the  tnown  facta  uf  Che  case  may  bn  ceoondlfid  : 
hj-tbe  fotmoc  not  one. 

^  **  If  we  suppno  this  drifting  field  of  ice  |o  be  formed  upon  the  very  Terg<?  of 
a.and  to  drift  to  the  south  as  fast  as  it  is  formed,  then  tbe  whole  phe- 
a  becomes  one  of  easy  sulation.  At  any  rate,  we  are  now  possessed  of  u 
'  'jtl^Qal  fikct  wtdob  probably  would  have  retumi-d  Onplain  Cliuzier  and  his 
tnmpaaiunB  to  na  all  safe  aad  sound  bod  tliey  bvan  aware  of  Its  existence ;  and 
tbatfiM  is  in  this  oftoccui ring,  if  not  tegular  and  annual,  southward  drift  of  ire 
from  Ihc  Antic  Ocean  dlnn  through  BifQu  ■  Bay  into  Davis'  SlniL  Captain 
Fnuiklin.  being  ignorant  uf  It,  placed  his  vessels  out  of  its  reach  on  the  sonth, 
wbcra  he  VB»  fitucn  in  and  died,  anil  where  Gaptain  Cfrozicr.  iiis  succeaaor, 
remained  imprisoned  fbr  eighteen  montlu  and  then  abandoned  liis  ships :  their 
drift  in  the  mean  time,  and  for  obvious  reasons,  being  almost,  if  not  quite  in- 
.  amnble.  cucpt  as  loflncnred  by  the  summer  thaw  and  '  winter  wod^ngs.' 
"  ~  tt'ts,  with  their  scurvy-riddled.  fro«t-woni  and  di«khled  crowa, 

Id  have  been  placed  Airtlier  to  the  north,  bb  in  Barrow's  Stiait,  or  in  the  fiiir 
7  tt  any  of  those  clianncla  connecting  with  it  from  the  twrthword  and  weat- 
^  or  with  BoSin's  Bay,  Iho  jirobabilitiea  ne  tlwt  this  tegtikrl;  oooumug 


H  hj-the  fom 
^^  ••  If  we  c 
^H^  open  ad 
^^^OUBnonbi 
^  titnsfml  b 
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heavier  waters  below  from  the  cold,  for  De  Haven  invari&bly 
found  the  temperature  of  ihe  water  under  the  ice  28°,  whifh  is 
the  temperature  that  average  sea  water  invariably  assmnea 
during  the  process  of  congelation  (§  442).  Moreover,  the  epeoifio 
gravity  of  the  surface  water  which  Rodgent  measured  in  the 
Arctic  Ocean  was  (S  427}  less  than  that  of  average  sea  water — a 
fact  in  confirmation  of  thia  conjecture  as  to  the  office  of  rain  and 
river  water  in  the  polar  seaa.  The  freezing-point  of  strong  brine 
is  4";  consequently  the  freeaing-poitit  of  water  in  thu  sea  may 
vary  according  to  the  proportion  of  salts  in  it,  from  4°  all  tlie 
way  up  to  just  below  32°.  Thus  the  salts  of  the  sea  impart  to  its 
waters  an  elasticity,  as  it  were,  giving  a  law, — a  sort  of  sliding- 
HCale — botjj  for  the  thermal  dilatation  and  of  congelation,  wliicb 
varies  between  that  of  fresh  water  and  ibe  sultest  Eca  water 
according  to  the  degree  of  its  sallness. 

480.  Layers  of»>ater  of  different  temperature  in  Ihe  Arctic  Otxan. — 
Kodgers  tried  vrith  his  hydrometer  and  thennoinot*r  the  wBt«ra 
of  the  Arctic  Ocean  at  Ihe  surface,  below,  and  at  the  bottom,  and 
aa  often  as  be  tried  he  found  this  arraugement :  warm  and  light 
water  on  the  lop,  cool  in  the  middle,  "  hot  and  heavy  "  at  the 
bottom,  nis  experiments  were  made  near  Behring's  Straits  in 
August,  1855,  between  the  parallels  of  71°-2°,  and  are  as  per 
example  following : 


!0  fnth. 
40  fath.' 


Lftt.  72°  2-    Long.  174=  37'  W, 
7l"2r      ',      173''22' 


Assuming  the  surface  water  which  Kodgera  used  for  these  experi- 
ments to  bo  a  fair  average  of  arctic  surface  waterm  generally,  thi« 


winter  drift  would  have  bnmgbt  Uiem  down  safely  into  milJor  ol 
into  the  glad  wntErs  of  tlia  Atluittio  Ocean,  u  it  did  ttiom  fanr  other  n 

"  Tlie  frcqneiit,  if  not  tlie  n:gular  onBUnl  uccnrrcnoo  of  this  drift  i 
tbroujfb  BbHui'h  Bay  !«  a  fuct  whicb  will  be  coauiiEred  by  all  ftiture  a 
explnrore  u  one  of  grant  importance,  (or  it  aflbnU  tbe  muuu  of  CB('u]iiDg  fiom 
tbn  Arrtic  Ori-»n  in  Uie  ■BvatDBt  wiuter."*-JVo»faeiioM  of  Om  Americaii.  Qti^, 
Sodtty,  18<;o. 


L 
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They  hooked  on  to  it,  and  were  towed  to  the  north  by  it.  Captain 
Stincan.  maeter  of  the  English  whale-«hip  Dundee,  says,  at  page 
76  of  hie  interesting  little  narrative:*  " Deeeniber  lUlh  (]d2t>). 
It  was  awfiil  to  bohold  the  immense  icebergs  working  their  way 
to  the  nortfa-eaet  from  us,  and  not  one  drop  of  water  to  be  seen ; 
they  were  working  themBelvcs  right  through  the  middle  of  the 
ice."  And  again,  at  page  92,  etc. :  "  February  23rd.  Latitude 
08°  37'  north,  longitude  aborit  6.^"  west.  The  di-eadful  appre- 
hensioiiK  that  assailed  lis  yestei'day  by  the  near  approaeh  of  the 
iceberg  were  this  day  most  awfully  verified.  About  ihree  P.M. 
Ilie  iceberg  came  in  contact  with  our  floe,  and  in  less  than  one 
iniuule  it  broke  the  ice;  we  were  frozen  in  quite  close  to  the 
shore ;  the  floe  was  shivered  to  pieces  for  beverol  miles,  umuing 
an  eiplosion  like  an  earthquake,  or  one  hundred  pieces  of  heavy 
oidnance  fired  at  the  same  moment,  'i'he  icebei^,  with  awAil 
but  majestic  grandeur  (in  height  and  dimensions  resembling  a 
vast  mountain),  came  almost  up  to  our  stern,  and  erery  one 

espeofed  it  would  have  nm  over  the  ship The  iceberg, 

as  before  observed,  canie  up  vorj'  near  to  the  stem  of  the  ship ; 
the  intenuediate  spaee  between  the  berg  and  tlte  vessel  wbh 
filled  with  heavy  masses  of  ice,  which,  thongb  tbey  had  been 
previonsly  broken  by  the  iminense  weight  of  the  berg,  were 
again  formed  into  a  compact  body  by  its  pressure.  The  beig 
was  drifting  at  the  rate  uf  about  four  knots,  and  by  its  force  on 
the  mass  of  ice  was  pushing  the  ship  before  it,  as  it  appeared,  to 
inevitable  deslmclion.  Feb.  24//i.  The  iceberg  still  in  sight,  but 
drifting  away  fast  lo  the  north-east.  FA.  2bth.  Tbo_  iceberg  that 
so  lately  threatened  our  destruction  had  driven  completely  out  of 
sight  to  the  north-east  irom  us." 

4(j3.  Temperature  of  ttie  under  current. — Now,  then,  whence, 
*  unless  from  the  diHerence  of  specific  gravity  due  to  sea  water  of 
difiereot  degrees  of  saltness  and  temperature,  can  we  derirs  a 
motivo  power  in  the  depths  of  the  sea,  with  force  sufficient  to 
give  such  tremendous  masses  of  ice  such  a  velocity  ?  What  is 
the  temperature  of  this  under  current?  Bodgers's  observationa 
(§  480)  would  seem  to  indicate  that  at  the  depth  of  1 50  feet  it  is 
not  below  40^  Assuming  the  water  of  the  surface  cunent  which 
runs  out  with  the  ice  to  be  ail  at  28°,  as  De  Haven  found  it 
(i  4T'J),  we  observe  that  it  is  not  unreasonable  to  suppose  thai 
•  Arptii'  Epgi"na ;  Voyage  to  Dnvlfl'  Strut.  t>r  Doiwi  Dunoon,  Hiutf^  of  Ihs 
iliip  Dtindd-.  1S28,  1827. 
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which  the  sea  performB  in  the  economy  of  the  nnivetse  by  virtue 
<,if  ita  saltnesa,  and  which  it  coiild  not  perform  were  its  watera 
iiitogether  fresh.  And  thna  philosophera  have  a.  clqw  pUtced  in 
their  hands  which  will  probably  guide  them  to  one  of  the  many 
hidden  treasures  that  are  embraced  in  the  true  answer  to  the 
questiun,  "  Why  ie  the  Bea  salt  ?" 

486.  Sea  nhdls — their  mjiaeitce  upon  cwrento. — We  find  in  sea 
water  other  matter  (§  48)  besides  common  ealt.  Lime  ia  din- 
solved  by  the  rains  and  the  rivers,  and  emptied  in  vast  quantities 
into  the  ocean.  Out  of  it,  coral  liOauds  and  coral  reefs  of  great 
extent — marl-beds,  shell-banks,  and  infusorial  deposits  of  enormoos 
magnitude,  have  been  constructed  by  the  inhabitants  of  the  deep. 
These  creatures  are  endowed  with  the  power  of  secreting,  ap- 
parently fur  their  own  pnrpOBea  only,  solid  matter,  which  the 
waters  of  the  sea  hold  in  solution.  But  this  power  was 
given  to  them  that  they  also  might  fulfil  the  port  assigned 
them  in  the  economy  of  the  universe.  For  to  them,  probably, 
has  been  allotted  the  important  office  of  assisting  to  give 
circulation  to  the  ocean,  of  helping  to  regnlata  the  climate? 
of  the  earth,  and  of  preserving  the  purity  of  the  sea.  The  hatter 
to  comprehend  how  such  ci-eatures  may  influence  currents  and 
olimates,  let  us  again  tmpposo  the  ocean  to  be  perfectly  at  rest — 
that  throughout,  it  is  in  a  state  of  complete  equilibrium — that, 
with  the  exception  of  those  tenants  of  the  deep  which  have  the 
power  of  extracting  from  it  the  solid  matter  held  in  solution, 
there  is  no  agent  in  nature  capable  of  disturbing  that  equilibrium 
— and  that  all  those  iish,  etc.,  have  suspended  their  secretions,  in 
order  that  this  Btate  of  a  perfect  aqueous  equilibrium  and  repose 
throughout  the  sea  might  be  attained.  In  this  atj^te  of  things — 
the  waters  of  the  sea  being  in  perfect  equilibrium — a  single 
'  moUusk  or  coralline,  we  will  suppose,  commences  his  seci'etioiis, 
and  abstracts  from  the  sea  water  ($  465)  solid  matter  for  hia 
(h;11.  In  that  act  this  animal  has  destroyed  the  equilibrium  of 
the  whole  ocean,  for  the  specific  gravity  of  that  portion  of  water 
from  which  this  solid  matter  has  been  abstracted  is  al(ot!ed. 
Having  lost  a  portion  of  its  solid  contents,  it  has  become  spe- 
cifically lighter  than  it  wits  before;  it  must,  therefore,  give 
place  to  the  pressure  which  the  heavier  water  exertfl  to  push  it 
aside  and  tn  occupy  its  place,  and  it  must  consequently  tr&rel 
about  and  mingle  with  the  waters  of  lite  other  parts  of  the 
until  its  proportion  of  solid  mutter  ia  returned  to  it,  and  u 
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the  exact  degree  of  eiwoific  gravity  due  to  soe.  wat«r 
orally. 

486.  Solid  maiier  tecreM  by  Ikmt. — How  much   solid  matter 
the  wht>le  host  of  marioe  plants  and  animnls  abslrncC  trom 

watei'daily?  Is  it  a  tliougand  pounde,  or  a  thousand  millione 
tone?  No  one  can  raty.  But,  wLatever  be  lis  weigh),  it  in  so 
the  power  of  gravity  ftppHprl  to  Iho  dyiuunica)  forces  of 
the  ocnan.  And  thja  power  iii  derived  froui  the  salts  of  tlie  aea, 
tbraugh  the  agoucy  of  saiv«h(AllK  and  other  marine  animals,  that  of 
themaelveB  scarcely  posisess  the  power  of  locomotion.  Yet  they 
power  to  put  tlie  whole  sea  in  motion,  from  the  equator  to 
poles,  and  from  top  to  bottom.  But  we  have  yet  to  inquire 
far  may  currents  be  due  to  the  derangement  of  equilibrium 
ling  from  thecliangeof8pecifii;gravi(y  caused  by  the  secretions 
the  myriads  of  marine  animals  that  are  continually  at  work  in 
ports  of  the  ocean.  These  little  creatures  abstract  from 
waler  solid  matter  enough  to  build  continents  of.  And.  also, 
have  to  reniemhor  aa  to  the  extent  to  which  equilibrium  in  the 
disturbed  by  the  salts  which  evaporation  leaves  behind, 
Ills,  when  we  consider  the  salts  of  the  f»ea  in  one  point  of  view, 
■ds  and  the  marine  animals  operating  upon  the 
iters,  and,  in  certain  parl^  of  the  ocean,  developing  by  their 
il)ion  the  solid  contents  of  tlie  same  those  very  principles 
aniitgoniatic  forces  which  hold  the  earth  in  ita  orbit,  and  pi'e- 
the  harmonies  of  the  universe. 

487.  Dynamiail  force  derived  from. — From  another  point  of 
lew,  we  see  the  sea-breeze  and  the  sea-shell,  in  performing 

appointed  offices,  so  acting  as  to  give  rise  to  a  reciprocating 
motion  in  the  waters ;  and  thus  they  impart  to  the  ocean  dy- 
nomioal  forces  aW  for  its  circulation.  The  sea-breeze  plays 
the  surface  ;  it  converts  only  fresh  water  into  vapour,  and 
ivee  the  solid  matter  behind,  'llie  surftkce  water  thus  becomes 
tificalty  heavier,  and  sinks.  On  the  other  hand,  the  little 
architect  below,  as  ho  workn  npon  his  coral  edifice  at  the 
ittom.  abstracts  from  the  water  there  a  portion  of  il«  solid  con- 
tents ;  it  therefore  becomes  epecihcally  lighter,  and  np  it  gueti. 
ucending  to  the  top  with  increased  velocity,  to  take  the  place  of 
descending  column,  which,  by  the  action  of  the  winds,  has 
sent  down  loaded  witli  Ereah  food  and  materials  for  the  busy 
the  depths  below.  Seeing,  then,  that  the  iuhabit- 
gf  the  ae«,  with  their  powera  of  secretion,  are  competent  to 
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esercipe  at  least  eotne  degree  of  influence  in  diKturbiiig  eqnilihHiun, 
are  not  these  creatures  entitled  lo  be  regarded  as  agents  which 
have  their  offices  to  perform  in  the  syKtem  of  oceanic  circulation, 
and  do  they  not  belong  to  its  physical  geography?  Tb«ir  iii- 
fluences  npon  the  economy  of  the  sea  are  like  thoae  ontstanding 
quantities  which  the  astronomer  finde  in  the  periods  of  henvenlv 
hodies.  He  calls  them  perturbations;  for  short,,  or  even  during 
uonsiderable  intervals,  their  effects  may  be  inappreciable ;  forthey 
nre  pendulums  that  require  ages  for  a  xingle  vibration ;  but 
unless  there  was  a  balance  pi-ovided  somewhere,  Ihey  would, 
during  the  progress  of  time,  accumulate  Iheir  small  perturbations 
MO  as  to  produce  disorder,  and  finally  cause  the  destiuctioo  of 
worlds.  So,  too,  with  the  salts  of  Ihe  sea,  and  those  little  micro- 
scopic inhabitontfl  of  its  waters.  They  take  care  of  its  outstand- 
ing quantities  of  solid  matter,  and  by  their  influence  preserve 
harmony  in  the  ocean.  It  is  immaterial  how  great  or  how  sniall 
that  influence  may  be  supposed  to  be ;  for,  be  it  great  or  small, 
it  is  cumulalive ;  and  we  therefore  may  rest  assured  it  is  not  ■ 
chance  influence,  but  it  is  an  influence  exercised  by  design,  and 
according  to  the  commandment  of  Him  whoso  "  voice  the  wind* 
and  the  sea  obey."     Thus  God  speaks  through  sea-shells  lf>  the 

488.  Their  physical  reiationa. —  It  may  therefore  be  supposed 
that  the  arrangements  in  tlie  economy  of  nature  are  suoh  as  to 
require  that  the  vatious  kinds  of  marine  animals,  whose  secretions 
are  calculated  to  alter  the  specific  gravity  of  sea  water,  to  desttoy 
its  equilibrium,  to  beget  currents  in  the  ocean,  and  to  control  its 
circulation,  should  be  distributed  according  to  order.  Upon  this 
nnpposition  — ll)e  like  of  which  Nature  warrants  throughout  her 
whole  domain^we  nmy  conceive  how  the  marine  animals  of 
which  we  have  been  sjienking  may  impress  other  features  npon 
the  phj-sioal  relations  of  the  sea  by  aasif^ting  also  to  rcgulnte  cli- 
mates, and  to  adjust  the  temperature  of  certain  latitudes.  FoT 
instance,  let  ns  suppose  the  waters  in  a  certain  part  of  the  tnrrid 
i(ono  to  be  90^,  but,  by  reason  of  the  fresh  water  which  has  been 
taken  from  them  in  a  state  of  vapour,  and  consequently  by  re««on 
of  the  proportionato  increase  of  salts,  tliese  waters  are  heavier 
than  waters  that  may  be  cooler,  but  not  so  salt  (§  10.')).  Thin 
being  the  case,  the  tendency  would  be  for  this  warm,  but  salt  moA 
heavy  water  lo  flow  o If  as  an  under  current  towards  the  jwlar  W 
some  other  regions  of  ligltter  wat«r;  but  these  oi'eatures  take 
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ft«m  H  a  portion  cpf  tlieso  salts  fur  tlioir  gwn  pnrjiofieB.  and  bo 
mnke  it  light  euougli  to  flow  off  on  the  surface  instead  of  Uie 
bottum — it  then  goea  polur-ward,  dispenoing  warmth  and  uioistun- 
us  it  goes ;  and  bo  cliraata  may  be  inHuenced.  Moreover,  if  the 
Ilea  were  not  Bait,  there  would  lie  no  curat  islands  to  beautify  il« 
laiidHcapcn  and  give  variety  to  its  features ;  Bea-shells  and  n 
inaecla  could  not  operate  apon  tha  specific  gravitj'  of  its  walere. 
nor  aasiat  in  giving  divemity  to  its  climates ;  neitlier  could 
wrspotution  give  dynamical  force  to  ita  circulation;  ita  watero, 
AHasing  to  contract  as  their  temperature  falls  below  39°,  would 
"  Ive  but  littlo  impuke  to  its  currents,  and  impart  no  motion 

404)  to  ita  waters  in  the  depths  below :  thus  its  circulation 

luld  be  torpid,  and  its  bosom  lack  animation.  In  some  other 
of  the  ocean,  msteod  of  there  being  organic  life  capable  ot 
ohftnging,  by  animal  or  vegetable  aecrelions,  the  specific  gravity 
of  the  supposed  salt  and  heavy  and  hot  water  at  00°,  there  may 
be  none  such,  as  in  a  "  Desolate  Region,"  This  water  than  may 
go  off  as  an  under-current  freight«d  with  heat  to  temper  some 
hyperborean  region  or  to  soften  some  extra- tropical  climate,  for 
we  know  that  such  is  among  the  elTects  of  marine  currents.  At 
starting,  it  might  have  been,  if  you  please,  so  loaded  with  solid 
matter  that,  though  ita  temperature  were  90°,  yet,  by  reason  of 
the  quantify  of  snch  matter  held  in  solution,  its  specific  gravity 
might  have  been  greater  even  than  that  of  extra-tropica]  sea 
water  generally  at  28°.  Kotwithstanding  this,  after  travelling 
below  to  certain  latitudes,  it  may  ^e  brought  into  contact  by  the 
w%y,  with  those  kinds  and  qiiaulitieB  of  marine  organisms  that 
^  11  abstract  solid  matter  enough  to  reduce  its  specific  gravity, 
iilBtead  of  leaving  it  greater  than  common  sea  water  at 

*.  make  it  less  than  common  sea  water  at  40" ;  conaequently,  in 
ioh  a  case,  this  wann  sea  water,  when  it  comes  to  tne  cold  lati- 
ttides.  would  be  brought  to  the  surface  throogh  the  instrumentality 
of  shell-fish,  and  various  other  tribes  that  dwell  far  down  in  the 
depths  of  the  ocean.  Thns  we  perceive  that  these  creatures, 
tliongh  they  are  regarded  as  beings  so  low  in  the  scale  of  creation, 
may  nevertheless  be  regarded  as  agents  of  much  importance  in 
the  terrestrial  economy ;  for  we  now  comprehend  how  they  aw 
capable  of  spreading  over  certain  parts  of  the  ocean  those  benign 
mantles  of  warmth  which  temper  the  winds,  and  modify,  taoiv  or 
less,  all  the  marine  climates  of  the  earth. 

489.  2%fl  ret/vUiUm  ti/the  mo. — The  makers  of  nice  astronomical 
aft 
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instruniente,  when  tboy  have  put  the  different  parts  of  their 
raaohiiiery  together,  aud  eet  it  to  work,  find,  ns  in  the  chrono- 
meter,  for  ioatance,  that  it  is  euhjeut  in  its  performance  to  many 
irreffulariticB  and  imperfections ;  that  in  one  state  of  things  there 
in  expansion,  and  in  another  state  contiBclion  among  cogs,  springB, 
and  'wheels,  with  an  increMie  or  diminution  of  rate.  1'hia  defect 
ttie  makers  have  songht  to  overcome  :  and  with  a  beaiitifnl  die- 
play  of  ingenuity,  they  have  attached  to  the  works  of  the  instru- 
mont  a  contrivance  which  has  bad  the  effect  of  correcting  theae 
irregularities  by  counteracting  the  tendency  of  the  instrument  to 
change  i^a  peTformance  with  the  changing  influences  of  tempera- 
ture  ThiB  contrivance  ix  called  a  eompcntalimi ;  and  a  chrono- 
meter or  clock  that  is  well  regulated  and  properly  compcnsftl^d 
will  perform  its  office  with  certainty,  and  preserve  it-*  rate  under 
all  the  vicissitudes  of  heat  and  cold  to  which  it  may  be  exposed. 
In  the  clock-work  of  the  ocean  and  the  machinery  of  the  universe, 
order  and  regularity  are  maintained  by  a  system  of  compensa- 
tions. A  celestial  body,  as  it  revolves  around  it«  sun,  flies  off 
under  the  influence  of  centrifugal  force;  hut  immediately  the 
furcee  of  componsation  begin  to  act,  the  planet  is  brought  back 
to  its  elliptical  path,  and  held  in  the  orbit  for  which  its  mass,  it« 
motions,  and  its  distjinces  were  adjusted.  Its  compensation  is 
perfect.  So,  too,  with  the  salts  and  uhells  of  the  sea  in  the 
machinery  of  the  ocean ;  from  them  are  derived  principle*  of 
compensation  the  moat  perfect ;  through  their  agency  the  undue 
effects  of  heat  and  cold,  of  storm  and  rain,  in  disturbing  the 
equilibrium  and  producing  thereby  currents  in  the  sea,  are  com- 
pensated, regulated,  and  controlled.  The  dews,  the  rains,  and  the 
nvera  are  continually  dissolving  certain  minerals  of  tlie  earth, 
and  carrying  them  off  to  the  sea.  This  is  an  accumulative  pro- 
cess ;  and  if  it  were  not  compensated,  the  sea  would  finally  become^ 
W  the  Dead  Sea  is,  saturated  with  salt,  and  therefore  uneuitafale 
for  the  habitation  of  many  fish  of  the  sea.  The  sca-ehells  and 
marine  insects  afford  the  required  eirmpaaoiion.  They  are  the 
conservators  of  the  ocean.  As  the  salts  are  emptied  into  the  bob, 
these  creatures  secrete  them  ngain  and  pile  them  up  in  solid 
masses,  to  serve  as  the  bases  of  islands  and  continents,  to  be  in 
the  process  of  ages  upheaved  into  dry  land,  and  then  again  dis- 
solved by  the  dews  and  rains,  and  washed  hy  the  rivers  away 
into  the  sea  Hgain. 

490.  Whaict  doei  Die  gea  derive  iU  adU  ?— The  question  B 


^^Biikhence  the  salts  of  the  soa  were  originally  derived,  of  eunree  haa 
^Pnot  escaped  the  atteution  vt  pbiloaopbers.     I  ooco  thought  with 
^^    Darwiu'  and  those  other  philosophers  who  hold   that  the  sen 
derived  ittt  ealta  originally  from  the  waeliinga  of  the  lains  and 
rivers.     1  now  questiun  that  opinion ;  for,  in  the  course  of  the 
reBcarches  connected  with  the  "  Wind  and  Ourrent  Charts,"  I 
Jtftve  found  evidenoo,  from  the  sea  and  in  the  Bible,  which  soetns 
Wto  oast  doubt  upon  it.     The  account  given  in  tlie  first  chapter  of 
■  GeaeBis,  and  that  contained  in  the  hioroglyphica  which  arc  traced 
why  the  liikud  of  Nature  on  the  geological  column  as  to  the  order 
■t)f  creation,  are  marvollou.'ily  accordant.     The  Christian  man  of 
I  wieDue  regards  them  bolb  aa  true  ;  and  he  never  overlooks  the 
vftot  that,  while  tbey  differ  in  the  mode  and  manner  as  well  us  in 
0  tbingH  tliey  tuach,  yet  tUey  never  conflict ;  and  tbey  contain 
vlto  evidence  going  to  show  that  the  sea  was  ever  fi«8h ;  on  the 
ntrary,  they  both  afford  circum£tantial  evidence  sufficient  for 
i  belief  that  the  sea  was  salt  as  fiir  back  as  the  momiug  of 
Mtioo,  or  at  least  a»  the  evening  and  the  morning  of  the  day 
pben  tbe  dry  Und  appeared.     That  the  rains  aed  the  rivers  do 
Holve  salts  of  varions  kinds  fiom  the  rocks  and  soil,  and  empty 
lo  the  sea,  there  is  no  doubt     These  salts  cannot  be 
Bevaporatcd,  we  know  ;  and  we  also  know  that  many  of  the  lakes, 
W  the  Dead  Sea,  which  receive  rivera  and  have  no  outlet,  are 
salt.      Hence  tbe   inference  by  some  philosophers  that  these 
inland  water-basins  received  theirsalta  wholly  from  the  washings 
of  the  soil ;  and  consequently  the  oonjeclnre  arose  that  the  great 
sea  derived  its  salts  from  the  same  source  and  by  the  same  pro- 
cess.    But,  and  per  contra,  though  these  solid  ingredients  cannot 
be  taken  out  of  the  sea  by  evaporation,  they  can  be  extracted  by 
^^  ottier  processes.     We  know  that  the  insects  of  the  sea  do  tako 
^^^mt  a  portion  of  them,  and  that  the  salt  ponds  and  arms  which. 
^H^Oin  time  to  time  in  the  geological  calendar,  have  hoen  separated 
^Pvoin  the  eea,  afford  an  escajie  by  which  the  quantity  of  chloride 
of  sodium  in  its  walem — tlie  most  abundant  of  il«  solid  ingredients 
— is  regulated.     The  insects  of  the  seu  cunnot  build  their  struc- 
tures of  this  salt,  for  it  would  dissolve  again,  and  lis  fast  as  they 
Ed  sejiarate  it.     But  here  the  ever-reudy  atmosphere  comes 
ptay,  and  assists  the  insects  in  regulating  tbe  salts.     It  can- 
take  them  up  from  the  sea,  it  is  true,  but  it  can  take  the  sen 
y  from  theiu :  for  it  pumps  up  the  water  from  these  pooU 
,  have  been  barred  off,  transfers  it  to  the  clouds,  aud  they 
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Heliver  it  back  to  the  sea  as  fresh  water;  leaving  ibo  salts  it 
contained  in  a  solid  state  behind.  These  are  opei^tions  thitt 
nave  been  going  on  for  ages :  proof  that  they  are  still  going  on 
is  continually  before  onr  eyes;  for  the  "hard  water"  of  our 
fountains,  the  marl-banka  of  the  valleys,  the  salt-beds  of  the 
plaisB,  Albion's  chalky  cliffB,  and  the  coral  islandij  of  the  sea, 
are  monuiuentH  in  attestati'iu.  Tbeso  masses  of  solid  matter  have 
been  secreted  from  the  sea  waters;  they  express  the  ability  cif 
these  creatures  to  prevent  the  accumulation  of  baits  in  the  sea. 

491.  Their  antiqutit/. — There  ie  no  proof,  nor  ia  there  any 
ruason  for  the  belief,  that  the  sea  ia  growing  Salter  or  fresher. 
Henoewo  infer  that  the  operations  of  addition  and  extraction  are 
reoipruoal  and  etjual ;  that  the  efTeot  of  ruins  and  rivers  in  wash- 
ing down  is  compensated  by  the  pruooEBea  of  evaporation  and 
seoretiou  in  taking  out.  If  the  sea  derived  ita  salts  originally 
from  the  rivers,  the  geological  records  of  the  past  would  show 
that  river  beds  were  scored  out  in  the  crust  of  our  planet  before 
tlie  Eea  had  deposited  any  of  its  fossil  shells  and  infusorial  re- 
mains upon  it.  If,  therefore,  we  admit  the  Danwin  theory,  we 
must  also  admit  that  there  was  a  period  when  the  sea  was  without 
salt,  and  consequently  without  shells  or  animals  either  of  the 
silicLons  or  calcareous  kind.  If  ever  there  was  surb  a  time,  it 
must  have  been  when  the  rivers  were  collecting  and  jvturing  in 
the  salts  which  now  make  the  brine  of  the  ocean.  Bnt  while 
the  palioontitlogioal  records  of  the  earth,  on  one  hand,  afford  BO 
evidence  of  any  such  fresh-wal«r  period,  the  Mottnic  account  i» 
Gir  fntui  Ivoing  negative  with  its  testimony  on  the  other,  A^ 
cording  t«  it,  wo  infer  that  the  sea  was  salt  as  early,  at  least,  at 
the  fifth  day,  for  it  was  on  that  day  of  creation  that  the  waten 
were  commanded  to  "  bring  forth  abundantly  the  moving  creature 
that  hath  life."  It  is  in  obedience  tu  that  command  that  the  sea 
now  teems  with  organisms :  and  it  ia  marvellotis  how  abundantly 
the  obedient  waters  do  bring  forth,  and  how  wonderful  foi 
variety  as  well  as  multitude  their  progeny  is.  All  who  pame 
to  look  are  astonished  to  see  how  the  prolifio  ooeau  teems  and 
swarms  with  life.  The  moving  creatures  in  the  sea  cun)ititut«  in 
their  myriads  of  multitudes  one  of  the  "  wonders  of  tho  deep." 

402.  IntceU  of  the  sea— their  .ofrwuiance. — It  is  the  custom  «i 
Captain  Foster,  of  the  American  ship  Oarrick,  who  is  ono  Ol 
my  most  patient  of  nh.'^ervej's,  to  amuse  himself  by  maid^ 
Jmwings  in  his  abstract  log  of  the  curious  unimaloulB  ' 
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itii  th«  'mtoi'oscopE),  he  finda  in  the  surftkte  water  ulougside ; 

id  tbuDgh  h«  has  been  following  the  sim  for  in&ny  yearn,  be 

iver  (iuls  ui  esprcss  his  wooder  and  ftmaaement  at  the  imiucniie 

imbera  of  living  ciisaitireB  that  the  microscope  reveals  to  him  in 

wnter.     Hitherto  his  etaminaiions  related  only  to  the  buriace 

iiors,  but  in  the  log  now  before  me  he  went  into  the  de]ith8, 

Qore  amazed  than   over  to  see  bow  abundantly 

waters  even  there  bi-ing  forth.     ■' January  28iA.  1855.— In 

ining  animalcule  in  sea  water,  I  have,"  says  he,  "heretofore 

sar&oe  water.     ITiia  aftemoun,  after  pumping  for  some 

from  the  stem  piimp  seven   feet   below  the  surface,  1  ex 

.ined  tlie  water,  and  was  surprised  to  find  tbat  the  fluia  woe 

•rally  alive  with  animated  matter,  embracing  beautifid  varietiei<." 

omo  he  says.  "  Numerous  heads,  purple,  red,  and  voinegaled." 

ire  is  wonderfid  meaning  in  that  word  ADUMiAinxy,  as  it 

ida  recorded  in  that  Book,  and  a»  it  is  even  at  this  day 

hted  by  the  great  waters,  a  striking  instance  of  whiofa  has 

famished    by  Piazaii    Smyti,   the   Astronomer   lloyal   of 

ibnrgh,  dnriug   bis  voyage  in    1856,   on  an  sstroDomicol 

:peditiun  to  Teneriffe-     On  that  occaaJon  he  fell  in  with  the 

Mmual  h&rvesl,  of  medueie  (S  1 1>0)  that  are  sent  by  the  Clult 

Stream  to  feed  the  whales.     Ilie  description  of  tbem  (S  lt>l)  bae 

ftlready  been  quoted.     According  to  the  computation  mode  by 

bitu,  it  appears  that  each  one  of  these  sea-nettles,  as  they  are 

HWnetimes  called,  had  in  his  etomacha  not  less  than  five  or  six 

miUions  of  flinty  ehells,  the  materials  for  which  their  builders 

"  collected  from  the  sUicious  mntt«r  which  the  rains  washed 

from  the  mountains,  and  which  the  rivers  bring  down  to  the 

The  medusce  have  the  power  of  sucking  in  the  sea  water 

lowly,  drop  by  drop,  ut  one  end,  and  of  ejecting  it  at  the  otior. 

is   they   derive   both   food  and   locomotion ;  for   in    the 

of   tbe    water,    they  strain    it,  and  collect  the   little 

dialomes.     Imagine,   then,   how  many  drops  of  water  in   the 

whieli,  though  loaded  with  diatomes,  never  pass  through 

stomach  of  the  medusae.     Imagine  how  many  the  whole  must 

Ip  down  with  every  mouthful  of  mednsea.     Imagine  how  deep 

thickly  the  bottom  of  the  sea  must,  dnring  the  process  of 

,  have  booome  covered  with  the  flinty  shelb  of  these  little 

itures.     And  then  recollect  tho  command  whiuh  was  given 

waters  of  tlio  soa  on  the  fifth  day,  and  we  may  form  some 

of  how  literally  thej  have  obeyed  this  order,  bringing  forth 
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moat  abundantly  even  now  the  moving  creature  that  hath  J 
tknd  doing  it  in  obe.^ience  to  that  command. 

49;!.  Dillo^  ealeareoiu  in  the  Paeifie,  tSicioui  in  the  AUantie.'-^ 
the  waters  of  the  Pacific  Ocean,  the  calcareous  matter  seema  to 
be  in  excess,  for  the  microscopic  shells  there,  as  well  as  the  cont^b 
and  the  oorol,  are  built  mostly  of  lime.  In  contemplating  this 
lonnd  of  compensations,  the  question  may  be  asked,  Where  is  the 
agont  that  regulates  the  supply  of  solid  materials  for  the  insects 
of  the  sea  to  build  their  edifices  of?  Answer:  The  rivers. 
They  bring  down,  and  pour  into  the  sea  continnaliy,  the  pabu- 
lum which  those  orgHnisms  require.  This  amount  again  depends 
npoa  tlio  quantity  and  power  of  the  rains  to  wash  out  from  tha 
solid  rock ;  and  the  rains  depend  apon  the  amount  of  vapuur  that 
the  sea  delivers  to  the  winds,  which,  as  Chapman's  observations 
show,  depends  directly  upon  the  galls  of  tlie  sea. 

494.  He  records  of  the  tea  and  of  revelation  agree. — So  far  the 
two  records  agree,  and  the  evidence  is  clear  that  the  sea  was  salt 
when  it  received  its  command.  Uo  they  afford  any  testimony  as 
to  its  condition  previously?  Let  lis  examine: — On  the  second 
day  of  creation  the  wafers  were  gathered  together  unto  one  place, 
and  the  dry  land  appeared.  Before  that  period,  therefore,  there 
were  no  rivers,  and  consequently  no  washiugs  of  brine  by  mieta, 
nor  dew,  nor  i-ains  for  the  valleys  among  the  hills.  The  water 
oovered  the  earth.  This  is  tlie  account  of  revelation;  and  tba 
account  which  Kature  has  written,  in  her  own  peculiar  clianw- 
tent,  on  the  mountain  and  in  the  plain,  on  the  rock  and  in  tho  8M, 
as  to  the  early  condition  of  our  planet,  indicatee  the  same.  Tho 
inscriptions  on  the.  geological  column  tell  that  there  was  a  period 
when  tho  solid  parts  of  the  earth's  crust  whiuh  now  stand  high 
in  the  air  were  covered  by  water.  The  geological  evidence  that  it 
was  so,  with  perhaps  the  exception  of  a  solitary  mountain  peak 
here  and  there,  is  conclusive  ;  and  when  we  come  td  examine  the 
fossil  rcm;iins  that  are  buried  on  the  mountains  and  scattered  over 
[he  plains,  we  have  as  much  reason  to  say  that  the  sea  was  salt 
whenit  covered  or  nearly  covered  the  earth,  as  the  naturalist,  when 
he  sees  a  skull  or  bone  whitening  on  the  wayside,  has  to  say  th«t 
it  was  once  covered  with  flesh.  Therefore  we  have  rea.soii  for  tho 
conjecture  that  the  sea  was  salt  "  in  the  beginning,"  when  "  tha 
waters  under  heaven  were  gathered  together  under  one  plaoe," 
and  the  drj'  land  first  appeared ;  fur,  go  back  as  far  as  we  ma;  in 
the  dim  records  which  young  Nature  has  left  inscribed  upoaM^H 
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■geological  column  uf  Imr  early  pruoeHBcs,  uud  there  we  find  tbv 
f  AgeU  eliell  and  iho  remainB  uf  marine  argunisiuB  to  infoim  us 
ftat  when  Lho  foundatious  uf  our  mourituinii  were  laid  with 
granite,  and  immediaitely  snoceeding  Lhut  remote  period  whea 
the  primary  furmations  were  completed,  tbe  aea  was,  as  it  is  now. 
Milt:  for  hjul  it  not  been  salt, whence  could  those  creeping  things 
which  faehioned  the  eea-eheltH  that  cover  the  topB  of  the  Andes,  or 
thoi>e  madreporeti  that  strew  tlie  earth  wiili  soUd  mottcr  that  hue 
been  secreted  from  briny  waters,  or  those  infusorial  depo&ita  which 
astound  thu  geoiugiat  with  their  magnitude  and  extent,  or  those 
•■jiwBil  remnina  uf  the  sea  wliich  have  astonished,  puzzled,  and  bo- 
I  wildered  man  in  all  ages — whence,  had  not  the  sea  been  salt 
!wiu)a  its  metes  and  bounds  were  set,  could  thet<e  creaturea  have 
obtained  aoUd  matter  for  their  edifiais  and  stmctureH?  Much 
uf  that  part  of  the  earth's  crust  which  man  etirs  up  in  cultivation, 
nod  whioh  yields  him  bread,  has  been  made  fruitful  by  these 
^'Attlta,"  which  all  manner  of  marine  insects,  aijueuus  orgaaixms, 
,  aea-shells  have  secreted  from  the  ocean.  Much  of  this 
rtion  of  our  jdanet  has  been  filtered  through  the  sea,  and  its 
ia\x  and  creeping  things  are  doing  now  preoiGely  what  they 
e  Bet  about  when  the  dry  land  appeared,  namely,  preserving 
e  purity  of  the  ocean,  and  regulating  it  in  the  due  perfurmance 
B'ita  great  offices.  As  fast  as  the  rains  dissolve  the  salts  of  the 
1,  mud  send  them  down  through  the  rivers  to  the  sen,  these 
Uthfol  and  everlasting  agents  of  the  Creator  elaborate  them  into 
arls,  shells,  coralti,  and  pi-eciouu  things :  and  so,  while  they 
B  pregerviug  the  sea,  they  are  hIho  eiiibelluihing  the  land  hy 
nparting  new  adaptations  to  its  soil,  fresh  beauty  aud  variety 
»  its  landscapes.  Whence  came  the  salts  of  tlio  aea  oiigiually 
p  a  question  which  perhaps  never  will  be  settled  satisfaclurily 
to  every  philosophic  mind,  hut  it  is  sufficient  for  the  Christian 
philosopher  to  recollect  that  the  salts  of  the  sea,  like  its  waters 
and  the  granite  of  the  hills,  are  composed  of  Niihstancus  which, 
^beu  reduced  to  their  simple  stale,  are  found  fur  the  most  part 
I  be  mere  gaseous  or  volatile  matter  of  some  kind  or  other. 
t  we  say  that  granite  is  generally  cumpused  of  feldspar, 
k,  and  quartz,  yet  these  three  minerals  are  made  of  substances 
lore  or  less  volatile  in  combination  ^ith  oxygen  gau.  Iron,  of 
^oh  there  is  merely  a  trace,  is  the  only  ingredient  which,  in  its 
Boomhined  aud  simple  state,  is  not  gaseous  or  volatile.  Now. 
)  the  feldspar  of  the  granite  originally  formed  in  one  heap, 
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tbe  mica  in  another,  and  the  q'lartz  in  a  third,  and  then  the 
three  brought  together  by  einme  mighty  power,  and  welded  into 
the  gianitu  rock  for  the  overlnstiiig  hills  to  etoiid  upon  ?  or  were 
they,  as  they  wore  formed  of  the  chaotic  matter,  made  into  rock  ? 
Sea  water  is  composed  of  osygeu  and  hydingen,  and  ilG  eaite, 
like  the  granite,  olfio  coniiiHt  of  gaseH  and  volatile  metals.  Bat 
wliether  the  coiietituenta  of  ee^  water,  like  those  of  the  primitife 
rockfl,  were  brought  togetlier  in  the  original  process  of  formation, 
and  united  in  combinution  as  we  now  find  them  in  the  oceua,  or 
whether  the  wea  was  freah  "  in  the  beginning,"  and  became  salt 
by  some  aubsequent  procetie,  ia  not  material  to  our  present  pur- 
pose. Some  geologists  suppose  that  in  the  Chalk  period,  when 
tbe  ammonites,  with  their  huge  chambered  shells,  lived  in  the 
8ta,  the  carbonaceous  material  i-equired  by  these  creatures  for 
their  habitations  must  have  been  more  abundant  in  its  waten 
than  it  now  Ih  ;  but,  though  the  conjstituenta  of  sea  water  may 
liave  varied  as  to  proportions,  they  probably  were  never,  at  least 
''since  iu  waters  commenced  to  bring  forth,"  widely  differeot 
from  what  they  now  are.  It  is  true,  tlie  strange  outtle-fiiJi,  with 
iis  shell  twelve  feet  in  circumference,  is  no  longer  found  alive  in 
the  (tea ;  it  died  out  with  the  Chalk  period ;  but  then  its  oom- 
]>anioD,  the  tiny  nautilus,  remains  to  tell  us  that  even  in  Uutt 
I'emote  period  the  proportion  of  salt  in  sea  water  wa«  not  nn- 
Kuited  to  its  health,  for  it  and  the  coral  insect  have  lived  through 
all  the  changes  that  our  planet  has  undergone  since  the  sea  wm 
inhabited,  and  they  tell  us  that  its  waters  were  salt  ne  iar  back, 
at  least,  as  their  records  extend,  for  they  now  build  their  edifices 
and  make  their  habitatious  of  the  same  materials,  collected  in 
the  same  way  that  they  did  then,  and,  had  the  sea  been  fresh  in 
ihe  in'erim,  they  ton  would  have  perished,  and  their  family 
would  have  become  extinct,  like  that  of  tbe  great  ammonite, 
which  perhaps  oeased  to  find  the  climates  of  the  sea,  not  th» 
proportion  of  ils  sails,  suited  to  ilii  well-being. 

4t)fi.  Cubic  mile»  of  tea  »alL — Did  any  one  who  maintains  that 
the  salts  of  tbe  sea  were  originally  washed  down  into  it  by  the 
rivers  and  tbe  rains  ever  take  the  trouble  to  compute  the  qnaotity 
of  solid  matter  that  the  sea  huld.^  in  solnttun  as  salts?  Taking 
the  average  depth  of  tbe  ooean  at  thi'ee  miles,  and  x\»  averse  Mlt- 
iiess  at  34  per  cent.,  it  appears  that  there  is  salt  enough  in  tbt 
sea  to  cover  to  the  thickness  of  one  mile  an  area  of  several  milljoiiui 
of  e^naie  miles.     These  millions  of  cubic  miles  of  crystal  sail 
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e  not  nutde  Ibo  sea  an^  fuller.  All  this  solid  matter  has  been 
leived  into  the  intereticeB  of  sea  waWr  without  swelling  the 
IB ;  for  chemists  tell  iia  that  water  is  not  inci-eneed  ii 
by  the  salt  it  dissolves.  Here  we  have  thorefore  displayed  before 
tid  an  economy  of  space  raltulaled  to  surprise  even  the  learned  | 
BuUior  himself  of  the  "  Plurality  of  Worlds." 

I4C0.  ITte  taltnegg  of  lealer  retardi  evapor/Uimt. — -There  has  been 
other  question  raised  which  beais  ujion  what  has  already  been 
id  concerning  the  offiees  which,  in  the  sublime  syslem  of  lerres- 
a1  orrangementa,  have  been  assigned  to  the  Bulta  of  the  sea.   On 
ft  20th  of  January,  18.i5,  Professor  C^hapnian,  of  the  rniveiyity    I 
liege,  Toronto,  aommunicated  to  the  Canadian  Institute  a  paper  I 
ths  "  Object  of  the  salt  condition  of  the  sea,"  which,  he  n 
tdna,  is  "maintg  mUnded  U>  regfdate  etaporation."     To  eslabtiAh  j 
ibis  hypothesis,  he  shows  by  a  simple  bat  carcftilly  cundnoted  si 
of  experimenU  that,  the  salter  the  water,  the  slower  iha  evaporw 
a  from  it;  aad  that  the  evaporation  which  takes  place  in  Z4 
lurs  from  water  about  as  salt  as  the  average  of  oea  water  is  0,54 
<r  oent.  less  in  quantity  than  from  fresh  water.     "  This  sugges- 
lon   and   these   experioieats    give   adililional    interest  to  onr 
jtigations  inio  Uie  manifold  and  mar\*elluns  offices  which,  in   i 
o  economy  of  our  planet,  have  been  assigned  by  the  Creator  to  I 
)  falls  of  the  sea.     It  is  dilGcnlt  to  say  what,  in  the  Divine  I 
jentent,  was  the  main  object  of  making  the  sea  salt  and  not  ] 
Beh.     Whether  it  was  to  assist  in  the  regulation  of  climates 
R  the  circntatiou  of  the  ocean,  or  in  re-adapting  the  earth  for  new  ' 
mditions  by  transferring  solid  portions  of  its  crust  from  ( 
pwt  to  another,  and  giving  employment  to  iho  corallines  and 
iaseots  of  the  sea  in  collecting  this  solid  matter  into  new  forms, 
and  presenting  it  under  different  olimatos  i 
Aether  the   main  object  was,   as   the   distinguished   professor  , 
svggesis,  to  regulate  evaporation,  it  is  nut  necessary  now  or  here  1 
t<  discuss.     I  think  we  may  regard  all  the  objectM  of  the  salts  of  | 
the  sea  as  main  objects.    But  we  see  in  the  professor's  experiments  ] 
the  dawn  of  more  new  beauties,  and  the  appearance  of  otlier 
exquisite  oompeasations,  which,  in  studying  the  '  wonders  of  the   [ 
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again,  if  the  evaporating  surface  were  to  grow  sailer  and  b 
whence  would  the  winds  derive  vapour  duly  to  replenish  t 
earth  with  uhoweref  for  the  eaJter  the  surface,  the 
the  evaporation.  HereiscompenEation,  again,  the  moetexqui 
and  wc  perceive  huw,  \>y  reason  of  the  salts  of  the  eea,  d 
and  flocfd,  if  not  prevented,  may  be,  and  probably  are,  reg» 
and  controlled  ;  for  that  coinpenBation  which  assiate 
the  amount  of  evaporation  is  eurely  concerned  in  adjusting  also 
the  quantity  of  rain.  Were  the  salts  of  the  aea  lighior  instead  of 
heavier  than  the  water,  tiey  would,  as  they  feed  the  winds  with 
moisture  for  the  cloud  and  the  rain,  remain  at  its  Mirface,  and  bo- 
•xime  more  niggardly  in  their  euppliea,  and  finally  tlie  winds  wotild 
howl  over  the  salt-covered  sea  in  very  emptiness,  and,  instead  of 
oool  and  refj-eKhing  sea-brecKea  to  fan  the  invalid  and  Donriehtha 
plonta,  we  should  have  the  gentle  trade-winda  coming  from  the 
Hea  in  fitful  blasts  of  paicheU,  and  thiratj-,  and  blighting  air. 
But  sea  talts,  with  their  nianifold  and  marvellous  adaptationi!* 
come  in  here  as  a  counterpoise,  and.  as  the  waters  attain  s 
degi'ee  of  saltness,  they  become  loo  heavy  lo  remain  longer  j 
contact  with  the  thiraly  trade-winds,  and  are  carried  doi 
because  of  iheir  weight,  into  the  depths  of  the  ocean  ;  and  ti 
the  windn  are  diefet/ with  vapour  in  due  and  wholesome  quanti til 
— Maury's  Sailing  Directions,  7lh  ed.,  p.  802. 

497.  The  harmonie*  of  the  ocean. — Since  the  offices  which,  in  ti 
operations  of  the  physical  machinery  of  the  earth, 
aatngued  to  the  sails  of  the  sea,  are  obviously  so  important  and 
manifold,  it  is  fair  for  us  to  preHume  that,  as  for  the  firmament 
aliove.  BO  with  that  below,  fie  principles  of  conservation  were  in 
the  beginning  provided  fur  each  alike,  for  the  world  in  the  aky 
and  the  drop  in  the  sea ;  tliat  when  the  Creator  gathered  the 
waters  together  into  one  pla<ie,  and  ptunounced  his  handiwork 
■■  uoou,"  some  aheck  or  regulator  had  alreadj-  been  provided  for 
the  one  as  well  as  the  other — checks  which  should  kfep  the  aes 
up  lo  its  office,  preventing  it  from  growing,  in  the  process  of  ag«B, 
either  lai^cr  or  smaller,  fresher  or  Salter.  As  we  go  down  into 
the  depths  of  the  sea,  we  find  (hat  we  are  just  beginning  to 
penetrate  the  chambers  of  its  hidden  things,  and  to  comprehend 
its  wonders.  The  heart  of  man  wax  never  rightly  attuned  lo  iha 
music  of  tlie  npheres  until  he  was  permitted  to  stand  with  his  eye 
at  the  telescope,  and  then,  for  the  first  time,  the  song  of  the 
g  staiB  burat  upon  him  in  all  its  glory.     And  so  it  Ib  with 


TIIE  SALTS  OF   Tim   SEA. 

I  hamK>nieB  of  old   Ouciau  when 


^^nSie  hannonioB  of  old  Oueau  when  con  tern  plated  through  the  i 
^^ByBicroscope :  then  every  drop  of  water  in  thu  eeu  is  diBL-ovured  to  ) 
^^V.'lw  in  tune  with  the  hosts  of  heaven,  for  each  stands  furth  a  peopled  { 

498.  The  mtcrotfope  and  tlie  (e/e»r'>pe.— Cfttching,  as  we  contem- 
plate lliB  hosts  of  beavcii  through  the  telescope  nnd  the  moving  1 
.  orefttnresof  thesea  through  the  microscope,  the  spirit  of  Clialmers,  ] 
^^^nd  borrowing  Iiia  fine  imagery,  let  ue  draw  a  cuntra«t  between  I 
^^HjUie  glories  of  the  heavens  and  the  wondets  of  the  insect  world  of  I 
^^Kanh  and  sea,  as  to  the  mind  of  e.  devout  philosopher  they  are  | 
^^^^tresented  through  these  instnimeuts ;  "  One  leads  him  t 

world  in  every  atom,  the  other  a  system  for  every  star.     One  J 
ahowN  him  that  this  vast  globe,  with  ite  mighty  nations  and  mul- 
titadinoiiH  inhabitants,  is  but  a  grain  of  sand  in  the  immensity  of  1 

;  the  other,  that  every  particle  of  clay  that  lies  buried 

jUpths  of  the  sea  has  been  a  living  habitation,  containing  v 

't  the  workshops  of  a  busy  population.     One  tells  bin)  of  tha  ^j 

uignificance  of  the  world  we  inhabit ;  tbe  other  redeems  it  {xom  I 

insignificance  by  showing  in  the  leaves  of  the  foresi,  in  the  I 

era  of  the  field,  and  in  every  drop  of  water  in  the  sea,  worlds  i 

I  namberlesB  as  the  sands  on  its  shores,  all  teeming  with  lif<a, 

pd  as  tudiont  with  glories  as  the  finnament  of  heaven.     One  j 

eats  tbat,  beyond  and  above  all  that  is  visible  to  man,  there  I 

9  fields  of  creation  wbicb  sweep  immeasurably  along,  and  cany  I 

0  the  remotest  regions  of  space  the  impress  of  the  Almighty  band ; 

tbe  other  reminds  us  that,  within  and  beneath  all  tbat  minutenen  1 

which  the  eye  of  man  has  been  able  to  explore,  there  may  be  a  1 

re^on  of  invisibles,  and  that,  could  we  draw  aside  the  veU  that  | 

hides  it  from  our  senses,  we  should  heboid  a  theatre 

worlds  as  astronomy  has  unfolded — a  universe  within  tb*,  compaaa  1 

of  a  point  eo  small  as  to  elnde  the  highest  power  of  the  microscope, 

but  where  the  wonder-working  finger  of  tlie  Almighty  finds  room 

for  the  exorcise  of  his  attributes — where  lie  can  raiae  another  I 

inechanism  of  worlds,  filling  and  aninuiting  tliem  all  with  tbe  i 

_«>videne6s  of  his  glory,"     When  we  lay  down  the  microseope.  and  I 

hidy  the  organisms  of  the  cea  by  tho  light  of  reason,  we  find  I 

pounds  for  the  belief  that  the  sea  was  made  salt  in  tbe  beginning.  J 

r  the  marine  fossils  that  are  found  nearest  the  foundation  of  the  ] 

tologioul  column  remind  us  that  in  their  day  the  si 

Jad  then,  when  we  take  up  tho  microscope  ogttin  to  study  tho  I 

mraminifene,  the  diatomos,  and  corallines,  and  osamine  the  etmn-  | 
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ture  of  the  most  ancient  inliiibitanii!  of  the  doep,  comparing  t 
phpsiology  with  that  (>f  their  kindred  iu  the  fossil  slnte,  <n-s  ar» 
left  to  conjecture  no  lunger,  1)111  are  furnished  with  evidticce  and 
proof  the  most  convincing  and  coniplete  that  the  eea  is  salt  Ima  » 
phyaical  necessity. 

49t>.  Sea-ehetU  and  animaleuite  in  a  new  lu/hi. — Thiie  beholding 
Bea  shells  and  aniinalciils,  may  we  not  now  cetti«  to  re^rd  them 
aa  IwingB  which  have  little  or  nothing  to  do  in  maintaining  the 
harmonies  of  creation  ?  On  the  contrary,  do  we  not  se«  in  them 
the  principles  of  the  most  admirable  compensation  in  the  sj'etem 
of  oceanic  circulation?  We  may  even  regard  ihem  aa  regnl»lorB, 
to  some  extent,  of  climaleM  in  parts  of  the  onrth  far  TemoTfd  from 
their  presence.  There  is  something  euggeetive,  both  of  the  grand 
and  the  beautiful,  in  the  idea  that,  while  the  insects  of  the  sea  are 
bnilding  up  their  coral  islands  in  the  perpetual  (tummer  of  the 
tropics,  they  are  also  engaged  in  diKjiensing  warmth  to  distant 
parts  of  tlie  earth,  and  in  mitigating  the  severe  cold  of  the  polar 
winter.  Surely  an  hj-pothesis  which,  being  followed  out,  su^^ests 
no  much  design,  such  perfect  order  and  arrangement,  and  so  many 
beauties  for  contemplation  and  admiration  as  does  thia,  which,  for 
want  of  a  better,  I  have  ventured  to  offer  with  regard  to  the  solid 
mitter  of  the  sea  water,  its  salts  and  its  shells— enrely,!  aay,  snoh 
an  hypothesis,  though  it  bo  not  based  entirely  on  the  reeulta  of 
actual  observation,  cannot  be  regarded  as  wholly  vain  or  as  attO' 
go  the  r  profit]  ess. 


CHAPTER  XI. 


aaaHo-     ] 


501.  Cloud  region—higlieal  in    the    calm    bcHi.— To  simplify  the 
diBcnssion  of  these  phenomena,  let  us  couaider  fi^  at  sea  to  be 
in  oliaraoter  like  clouds  in  the  sky.     So  treating  them,  and  Q 
fining  our  attention  to  them  as  they  appear  to  the  mariner^] 
discover  that  the  cloud  region  in  tlie  main  is  highest  ii 
trade  wind  and  calm  belts,  lowest  in  extra-tropical  regions. 

502.  FogleM  regums. — At  sea,  beyond  "  the  offings,"  fogs  an 
not  oft«n  seen  between  the  parallels  of  30"  K.  and  S.  Sea  fogs, 
therefore,  may  be  considered  a  rare  phenomenon  over  one-half  of 


I 


of  tlie  globo.  Theno  foglcss  legions,  lliougb  oerlain 
parts  uf  them  are  not  unfrequcntly  Ti'siled  by  lempeHts.  loniadotw, 
and  hurrioaneH,  are  nevertheless  much  less  frequented  by  gnles  of 
irind,  u  all  furious  winds  are  called,  than  are  the  regiiiiui  on  the 
polar  side  of  these  two  parallnk, 

603.  The  moitf  »lormy  taliludet. — Taking  the  Atlantic  Ocean, 
'IKtrtk  and  south,  ae  un  index  ufwbat  takes  place  on  other  waters, 
abstivot  logs  of  the  Observatory  show,   accoiding  to  the 
ncords  of  265.304  oliHen-ing  days  contained  therein,  that  for 
i«veiy  gale  nf  wind  that  neamea  encoonter  on  the  equatorvii  aide 
of  these  two  parallels  of  30°  N.  and  S.,  they  encounter  10.4  on 
the  polar  aide ;  and  ttiat  for  every  fog  on  the  equatorial  they  en- 
cunnter  8i'J  on  the  polar  side.     As  a  rule,  fogs  and  galena  inoreasa 
Jboth  in  numbers  and  frequency  as  yon  i«cod6  from  the  equator, 
I  frequency  of  these  phenomena  between  the  parallels  of  6°  N. 
6°  S.,  compared  with  their  frequency  between  the  parallels  of 
and  50°  K.  and  S.,  is  as  I  to  103  for  gales,  and  as  1  to  102  for 
The  observations  do  not  extend  beyond  the  pandlels  of 
It  appears  from  these,  however,  that  both  the  most  stormy 
foggy   latitudes  in   the    North   Atlantic    are  between  the 
lels  of  45°  and  60° ;  that  in  the  South  Atlantic  the  most 
ly  latitudes  are  between  the  parallels  of  55°  and  60°,  1 
fo^y  between  50^  and  56°. 
504.  Infineacet  of  the  Gulf  Stream  and  the  iee-hearmg  currenU  of 
louth. — How  Bug^stively  do  these  two  groups  of  phenomena 
the  one  hand,  of  the  Gulf  Stream  and  the  tee- 
ing currenla  of  the  north,  and,  on  the  other,  of  C!ape  Honi 
the    Antarctic    icebergs   which    cluster  off   the    Falkland 
Hida!* 

I  fi05.  Sea  fog»  rare  inithin  20°  of  the  eqwitnr — red  /nw.  — Though 

L  foga  within  20°  on  either  eide  of  the  equator  are  eo  rarely 

m,  yet  within  this  distance,  on  the  Horth  side,  red  fogs  uf  "sea- 

dnst"  (I  322)  are  not  nnfrequently  encountered  by  navigators, 

TliMO  can  soarcely  be  considered  as  coming  within  the  category 

•  Oaptain  Chudwicfc  reports,  by  K'tlcr  of  30th  April.  IHGO.  nn  ifctrTg.  eccn 
■  by  Urn  Itth  September,  18S9,  in  S.  Ut  52"  25'.  long.  51^  8'  W. :  uwil,  on 
lOth.  in  ir  15'  8„  59^  Sff  W.,   by  the  Wild   Pigi-on      Fire   Oaji 
(all  in  with  it  in  laL  45"  40',  Icnig.  Sg^  40'.    It  mt  Inst  awli  T 
T.  !n  lat  43°  44'  8..  li.ng.  ST  14'  W,  by  the  Britlih  el,ip  "City  of    '. 
Chndy."    Whethtr  this  were  the  some  "berg"  or  not,  it  allows  tlutt  iceberfm 
are  not  luilmawn  to  the  north  of  the  FaUdand  Mnnds,  aa,  indeed,  the  aqiienui    | 
taothsim  of  G0°,  Plate  IV.,  indicates  by  ila  abaip  carve  nbout  Ihosu  ialanth. 


^KTh, 

iToteml 
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0  of  fog  is  no 
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of  eea  fogs.     The  falling  of  this  diiat  i 

doabt  owing  to  those  influeacoa  (§  331),  the  eRecU  uf  -which  are 
BO  often  observable  tnoming  and  evening  in  the  Kittling  smoke 
from  neighbouring  ehimneys.  The  fogs  which  at  early  dawn 
are  disoove.red  hovering  over  our  cities  or  skirting  the  base  of  the 
hills  near  by  are  of  the  Kame  sort.  The  "  black  fogs  "  of  London 
may  be  taken  as  Ihe  type  of  them.  These  particles  of  dust,  like 
the  atoms  of  smoke,  are  brought  into  conditions  fuvonrable  for 
radiation  on  occasions  when  the  air  in  which  tbcy  are  floating 
happens  to  have  a  high  dew-point.  Thus  each  one  tif  these  in- 
nnmerahle  liltle  atoms  of  smoke  and  microscopic  particles  of  bc»* 
dust  become  loaded  with  dew,  and,  being  made  visible,  have  the 
appearance  of  fog,  Ited  fogs,  therefore,  do  not  properly  oome 
under  our  olaesification  uf  sea  fogs. 

506.  OlwdltM  regions  and  heiyhl  of  doudg  oi  »fa. — On  the 
polar  side  of  40'  at  sea  the  weather  is  for  the  most  jmrt  cloudy. 
On  the  equatorial  side,  and  especially  within  the  trade-wind 
region,  it  is  for  the  most  part  clear  until  we  approaeh  the 
oloud-ring,  where  oloiida  again  indicate  the  normal  state  of  the 
aky  at  sen.  What  is  the  height  of  the  cloud  region  at  sea  ?  for 
vapour  p^n«  it  can  scarce  be  called.  As  yet  our  sailor  observers 
have  not  tamed  their  attention  either  to  the  height  or  the 
velocity  of  clouds.  It  is  to  be  hoped  tliat  they  will.  Observa- 
tions here  ore  to  be  made  rather  under  the  direction  of  the  com- 
mander of  a  fleet  or  squadron  than  of  a  single  ship,  and  it  is 
hoped  that  some  of  the  diatingiiiHhod  admirals  and  bravo  old 
commodores  who  cruise  about  the  world,  with  willing  hearts  and 
ready  hands  for  the  cause  we  advocate,  may  signalize  ttieir  flag 
by  contributing,  for  the  advancement  of  human  knowledge 
tciuching  the  physios  of  the  sea  and  the  machinery  of  the  atr.  n 
series  of  well-conducted  observations  upon  the  force  of  tlm  ti 
winds,"  upon  the  height  and  velocity  of  the  clonds,  the  halj 
and  velocity  of  the  waves,  etc.,  in  different  parts  of  tlie  oceAHi 

507.  Height  and  velocity  of  waves — plan  for  dcbirmfnlMJ 
Commodore  Wiillerstorf,  of  the  Austrian  frigate  Novaia,  madetl 
interesting  series  of  observations  upon  the  height  and  velocity  of 
the  waves  during  his  cruise  in  that  vessel  upon  his  last  scientific 
mission.  These,  no  doubt,  will  be  published  with  the  other  im- 
];>ortAnt  results  of  that  admirabtj'  conducted  expedition.     He 

*  f*ee  Muury'a  Soiling  Direction^  vol,  iL,  "Average  Fonc  of  tba  TMdB- 
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simple  plan  for  detenniniiig  the  velocity  of  waves — and  it 
may  be  hourly  practised  on  board  of  every  vesKel — is  the  plan 
whiah  is  followed  by  Captain  Ginn,  of  the  American  ehip  John 
Knox,  one  of  our  oo-operators.  When  he  heaves  the  log  with  the 
Beaa  following,  instead  of  hauling  in  the  line  immediately,  be 
teavee  the  chip  to  tow,  watching  till  he  observes  it  on  the  crest 
of  a  wave;  be  then  tarns  the  glass,  or  notes  his  watch,  and 
marks  the  time  it  takes  the  wave  to  reach  the  ship.  The  usual 
velocity  of  the  waves  in  the  Atlantio  ia  22-3  miles  an  hour,  off 
Capo  Uora  26-8.* 

Determining  the  height  of  clouds  at  sea. — It  would  ufford  a 
t  and  agreeable  diversion  for  a  sqnadron  of  men-of-war, 
they  pursue  their  voyage  at  sea,  to  amuse  themselves  and 
let  their  friends  at  home  with  observations  upon  all  such 
phenomena.  Those  who  are  willing  to  undertake  the  clouds 
will  have  no  difBcnlty  in  devising  a  plan  both  for  the  upper  and 
the  lower  strata. 

509.  Cload  region  at  sea  in  the  »hape  of  a  dovhle  inclined  plane. — 
Over  the  land  the  cloud  region  is  thonght  to  VBjy  from  three 
to  five  miles  in  height ;  there  the  height  of  clouds  is  known  to  be 
very  variable.  At  seu,  it  is  no  doubt  less  so.  Here  the  cloud 
re^on  is  somewhat  in  the  form  of  a  double  inclined  plane, 
stretching  north  and  sonth  from  the  equatorial  cloud-ring  as  a 
sort  of  ridge-polu.      In  the  balloon  ascents  which  have  taken 

■  From  CajilaiH  Gimt'i  Abttnut  Log; — 

"flatntdaj,  September  llth,  1S5S,  doubling  Otpe  Horn.    The  long  reguhr     ' 
.  BKell  daring  tbispnrt  uf  Uieday  nlToTdGd  am  onotlieT  opportonitjr  of  trying  ttie 
'    "  y  of  the  Wftvei    Tliis  I  did  liy  puying  out  Uic  log-line  enongli  to  be 
3  13  knotd  with  the  14-sccotid  g!)us:  then  by  watching  the  tbip— tu 
I  bnd  filed  a  piuce  of  wliile  mg  In  render  it  nnro  dIatingniahaUle — as  it 
'    n  the  cmtC  uf  a  well-dafiDed  wave,  nod  turning  the  glnss  nt  the  same 
beu  uutiug  wbtru  the  crest  of  a  ways  it  at  the  laaniuDl  (be  glaaa  u 

deveral  times  bvfore  tried  tlie  experiment  in  this  way  witb  the  aame 

ft  line  out  astern,  imd  have  ■Iwnys  found  about  tlie  Kuae  nite  for  llie 

ly,  niuuely,  '22  to  23  miles  au  hour :  but  to-day  I  fbond  it  to  be  ccnuidr^r- 

namely,  26  to  28  miles  an  hour.    Tbua  the  cnst  of  a  wave  would 

the  14-iiecoad  gkea  ran  out.  from  the  {dace  where  tlie  Icg-cbip  was 

kuota)  to  jQ^t  ahead  of  the  ship.    The  length  of  the  ship  ii 

to  oboui  ^  kuota :  the  nhip'd  tipcpd  at  the  thno  was  8  knots;   tbui, 

\-i-8  =  27i.    A  few  days  ugu  I  tried  the  same  eiperiment,  and  foaad  tbo 

lly  to  be  22  to  2U,    Wbat  has  acceleniled  the  vvlocity  uf  thcao  waves? 

indlDgi  uuythiag  to  do  witb  it?" 


274      PHTfllOiL  GEOOllAPHT  OP  THE   8BA,    AND 

pltuie  from  tbo  Kew  OljBorvatory  in  England,  it  has  been  aBcer 
tabled  that  there  tbo  cloud  region  is  from  2000  to  6M0  feet  high, 
with  a  thickneae  varying  from  2000  to  3000  feet,  and  that  its 
temperature  at  the  top  is  not  lower  than  it  is  at  the  botlom  of  the 
oloud,  notwithstanding  its  thickness.  We  are  also  indebted  to 
Pissei  Smyth  for  intereeting  obserTationa  on  the  cloud  region  in 
the  belt  of  north-eaat  trades  and  of  the  upper  counter  ourrenl 
there.  They  were  made  from  the  Peak  of  Teneriffe,  at  the  heigh) 
of  12,200  feot.  during  the  months  of  August  and  September,  1856,* 
The  cloud  region  of  the  trades  was  between  3000  and  5000  feet 
high ;  of  the  upper  or  south-weet  current,  it  was  above  the 
mouutain.  Islands  only  a  few  hnndred  feet  high  are  general!; 
cloud-capped  in  the  trade-wind  regions  at  eea ;  another  indication 
that,  with  a  given  amount  of  moisture  in  the  wind,  the  cloud 
region  is  higher  m^I  sea  than  it  is  over  the  land.  For  most  of  the 
time  during  his  Rejourn  on  the  Peak,  the  eea  wag  ooncealed  from 
view  by  the  climd  stratum  below,  though  the  sky  was  clear  ovot- 
bead.  Farther  to  the  north,  in  the  Atlantic,  however,  as  in  the 
fc^  region  about  the  meeting  of  the  cool  and  warm  currents  near 
the  Grand  Banks,  the  look-out  at  the  mast-bead  often  finds  himgell 
above  the  fog  or  cloud  in  which  the  lower  parts  of  ihe  ship  aro 
euveloped.  Going  still  fuithcr  towards  the  north  and  reaching 
the  ice,  the  cloud  region  would  again,  for  obvious  reasons,  mount 
up  until  you  readied  the  open  uea  there,  when  again  it  would 
touch  the  earth  with  its  Hmoke. 

510.  Fogi  m  the  harbour  of  CiUlao. — In  the  harbour  of  CalW, 
in  Peru,  which  ia  filled  with  the  cool  waters  of  Humboldt's 
current,  I  have  seen  tlie  bay  covered  with  a  fog  only  a  few 
inches  high.  I  have  seen  fogs  there  so  dense,  and  with  outlines 
so  sharp,  as  to  conceal  fi'om  view  the  row-boats  approiwhing  ihe 
ship's  side,  Tliese  fogs,  especially  early  in  the  morning,  will 
conceal  from  view  not  only  the  boat,  but  the  persons  of  the  crew 
up  to  the  neck,  so  as  to  leave  nothing  visible  hut  two  rows  of 
tmnkless  hoads  nodding  catenarie^^  at  the  oars,  apparently  skim- 
ming through  tbe  itir  and  dancing  on  the  fog  in  a  manner  at  aaaa 
both  magical  and  fantastic.  At  other  times  tbe  cloud  stratum  is 
thicker  and  higher.  Then  may  be  seen  three  masts  coming  into 
portwithtopgaUant-BoilsandroyalsBet.  but  no  ship.  These  sails, 
nicely  trimmed  and  swelling  to  the  breeze  in  the  sky,  swim  along 
over  the  clouds,  and  seem  like  things  in  a  fairy  sci^c.  How«vn', 
*  TeneriBe.    An  Aitronomet'B  Experiment    haaitm,  1B58. 
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e  im  iBfluenooE  exerted  in  the  fonutilioD  of  cloudx  and  fijgfs 
over  aad  Hbar  the  land  whioh  appear  not  to  be  felt  at  sea. 

611.  The  cloudg  leUitudes. — In  tlje  extra-tropical  nortli,  the  cloiirf 

region  is  high  over  the  land,  lovr  over  the  water  ;  and,  us  a  mle. 

the  {arther  inland,  the  di7er  the  air  and  the  higher  the  clond 

n^oD.     In  the  circum-Antarctic  regions,  where  all  w  aoa,  the 

rising  vapours  form  themselves  into  clouds  low  down,  and  keep 

the  face   of  the    shy  almost    unintermptedlj   obscured.      The 

nouthem  eopc*  of  the  cloud  plane  (§  509),  like  the  calm  beltn. 

vary  their  latitude  as  the  sun  does  its  declination,  thongh  their 

place  18  generally  found  between  the  parallels  of  50"  and  70"  8. — 

l&tther  oc  nearer  according  to  the  season;  bnt  under  this  edge, 

Lvberever  it  bo,  the  mariner's  heart  is  seldom  made  glad  by  the 

ring  influences  of  a  clear  sky.     If  not  wrapped  in  mist,  or 

nered  with  snow,  or  pelted  with  hail,  or  drenched  with  lain.  aa 

t  Baili4  through  these  latitudo^,  he  is  dispirited  under  the  in- 

Kienoe^  of  the  gloomj-  and  murky  weather  which  pervades  thoai- 

Kgiona.     His  hope  in  the  "  bi^ve  west  winds  "  and  trust  in  the 

prowess  of  a  noble  ship  are  then  his  consolation  and  hia  comfort. 

A12.   Why  there  »hovid  be  leu  atm^tphere  in  the  soulhera  Ih/m  in 

9  nor&tern  Jiemisphere. — Such  are  the  quantities  of  Tapour  rising 

f  from  the  engirdling  ocean  abont  those  austral  regions,  that  it 

)  permanently  expelled  thence  a  large  portion  of  the  atmo- 

The  specific  gravity  of  dry  air  being  1 ,  that  of  aqueous 

r  is  0.6  (S  252).     According  to  the  table  (!  362),  the  mean 

ight  of  the  barometer  at  tea.  between  the  equator  and  TS"  37 

tO.Ol ;  whilst  its  mean  height  in  lat.  70°  S.  is  20.0.     To 

^lain  the  great  and  grand  phenomena  of  nature  by  illustrations 

I  from  the  puny  contrivances  of  human  device  is  often  a 

>ble  resort,  but  nevertheless  we  may,  in  order  to  explain  this 

pulsion  of  air  from  the  watery  south,  where  all    is  sea.  bo 

pdoned  for  the  homely  reference.     We  all  know,  as  the  steam 

i  VKpoxir  begins  to  form  in  the  tea-kettle,  it  exi^ls  air  thence. 

1  it«elf  oocnpioE  tbo  space  which  the  air  occupied.     If  still 

i  heat  be  applied,  aa  ta  the  boiler  of  a  steam  engine,  the  air 

kU  be  entirely  expelled,  and  we  have  nothing  but  aleam  above 

>  water  in  the   boiler.     Now  at  the  south,  over  this  gi-eat 

■st«  of  circumfluent  waters,  we  do  not  liave  as  much  heal,  for 

Nporation  as  iu  the  boiler  or  the  tea-kettle ;  bnt,  as  far  as  il 

W.  it  forms  vnpniir  which  has  proporlionallif  precisely  the  samu 

Indcncy  that  the  vapour  in  the  tea-kettle  has  to  drive  off  the 
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air  above  and  occnpy  the  spaoe  it  held.  Nor  is  diiB  all  Thia 
austral  vapour,  rieiug  up,  is  cooled  aud  condensed.  Thns  a  vast 
amount  of  heat  itt  liborat«d  in  the  upper  regions,  which  goes  to 
heat  the  air  there,  eipand  it,  and  thus,  by  altering  ihe  level, 
causing  it  (o  flow  off.  ThiB  unequal  distribution  of  atmosphere 
between  the  two  halves  of  the  glohe  is  imperfectly  represented  in 
banymelric  profile  on  Plate  I.  (§  '215) — tJie  shading  around  the 
periphery  of  iho  circle  being  intended  to  represent  iho  relative 
height,  and  the  scales  standing  up  in  it,  the  barometrio  column. 

513.  Injliunre  of  Antarctic  ieebwgi  m  ex^lmg  the  air  from 
auitral  regiong. — This  part  of  the  eoutbem  ocean  where  the 
barometer  uhows  diminished  pressure  is  frequented  by  icebergs, 
many  of  them  very  large  and  high,  and  some  of  them  sending  np 
towers,  minarets,  and  steeples,  which  give  them  the  appeatano« 
in  the  distance  of  beautiful  cities  afloat.  Kach  one  of  them  is  a 
centre  of  condensation.  Could  an  eye  from  aloft  look  down  upon 
Iho  scene,  the  upper  side  of  the  cloud  stratum  would  present 
somewhat  the  appearance  of  an  immense  caldron,  boiling,  and 
bubbling,  and  intumeecing  in  the  upper  air.  These  huge  bergs 
condense  the  vapour,  and  the  liberated  heat  causes  the  air  above 
them  to  swell  out,  and  to  sta.nd  like  so  many  curiously-shaped 
fungi  above  the  general  cloud  level.  And  thus,  where  the 
icebergs  are  thick,  the  clouds  are  formed  low  down.  Icebeiga, 
like  islands,  facilitate  the  formation  of  clouds  and  promote 
precipitation. 

514.  The  hoTte  latitudeg — the  doldrunt. — Turn  we  now  to  ibe 
equatorial  cloud-ring.  Seafaring  people  have,  as  if  by  common 
consent,  divided  the  ocean  off  into  regions,  and  charactenzed 
them  according  to  the  winds ;  e.g.,  there  are  the  "  trade-wind 
regions,"  the  "variables,"  the  "horse  latitudes,"  the  "doldrums," 
etc.  The  "  horse  latitudes"  are  the  belts  of  calms  and  light  airs 
(S  210)  which  border  the  polar  edge  of  the  north-east  trades. 
Thoy  were  so  called  from  the  circumstance  that  vessels  formerly 
bound  from  New  Engliind  to  the  West  Indies,  with  a  deck-load  of 
horses,  wore  often  so  delayed  in  this  calm  belt  of  Cancer,  thatfor 
Iho  want  of  waler  for  tlieir  animals,  they  were  compelled  1o 
throw  a  portion  of  lliem  overboard.  The  "  equatorial  doldnuna" 
is  another  of  thot-e  calm  plaGeS'(§  212).  Hesides  being  a  region 
uf  ealms  and  battling  winds,  it  is  a  region  noted  for  its  rains  aod 
clonds,  which  make  it  one  of  the  most  oppressive  and  disagreeable 
places  at  sea.     The  emigrant  ships  from  Snropo  for  AustnUk 


THE    CLOUD    REQIOM,    KTC.  277 

Tbey  are  often  baffled  in  it  for  two  or  ttree 
Beks  ;  then  the  childroii  and  the  passengere  who  are  of  delicate 
fiiffer  most.  It  ia  a  frightful  graveyard  ou  the  wayside  to 
\  ibat  golden  lund.  A  Tensel  bound  into  the  southern  homisphere 
from  Euitipe  or  America,  after  clearing  the  region  of  variablo 
winds  and  crossing  the  "  horee  latitudes,"  eutera  the  north-emit  I 
tredee.  Here  the  mariner  finds  the  sky  soiuetiraes  mottled  with 
olouda,  but  for  the  most  part  clear.  Here,  too,  he  finds  his 
barometer  rising  and  Falling  uudor  the  ebb  and  flow  of  a  regular 
atmoepherioal  tide,  which  gives  a  high  and  low  barometer  every 
J»y  with  auoh  regularity  that  the  hour  within  a  few  rainuteB 
My  be  told  by  it.  The  rise  and  full  of  this  tide,  measured  by 
e  barometer,  amounts  to  about  one-tenth  (0.1)  of  an  inch,  and  it 
jnra  daily  and  everywhere  between  the  tropica  :  the  maximum 
mt  10  h.  30  m.  i,M„  the  minimum  between  4  h.  and  5  h.  p.m., 
a  seoond  maximum  and  minimum  about  10  i:H.  and  5  a.is,* 
e  dinmal  variation  of  the  needle  (§  344)  changes  also  with  the 
;  of  these  invisible  tides.  Continuing  hie  course  towards 
tlw  eqninoctialVline,  and  entering  tbe  region  of  equatorial  calms 
■nd  mins,  the  navigator  feels  tlie  weather  to  become  singularly 
close  and  oppressive ;  he  discovers  here  that  the  elasticity  of 
feeling  which  be  breathed  from  tlio  trade-wind  air  has  forsaken 
him;  he  haa  entered  the  doldrums,  and  ia  under  the  "cloud- 
ring." 

515.  A  frigate  under  the  eJouA-ring. — I  find  in  the  journal  of  the 
late  Commodore  Arthur  Sinclair,  kept  on  board  the  United 
States  frigate  Congress  during  a  cruise  tc  South  America  in 
1817-18,  a  picture  of  the  weather  under  this  doud-Tinij  that  ia 
singularly  graphic  and  striking.  He  encountered  it  in  the 
month  of  Januiiry,  1818,  between  the  parallel  of  4°  north  and 
the  equator,  and  between  the  meridiansof  19"  and  at"  west.  He 
says  of  it,  "  This  is  certainly  one  of  the  most  unpleasant  regions 
in  our  globe.  A  dense,  close  atmosphere,  except  for  a  few  hours 
after  a  thunderstorm,  during  which  time  torrents  of  rain  loll, 
when  the  air  becomes  a  little  refreshed ;  but  a  hot,  glowing  mtn 
soon  hoote  it  ngaiu,  and  but  for  j-oiir  awnings,  and  the  little  air 
put  in  circulation  by  the  continual  flapping  of  the  ship's  sails,  it 
would  be  almost  insuflei'able.  Ko  person  who  has  not  crossed 
^■^'a  region  can  form  an  adequate  idea  of  its  unpleasant  effects. 

P8er  pa[KT  on  Hetonrolngivikl   Olisemitinaa   in  India,  bj  Oolouiit   Sfkoi, 
*  "    npbl^  Tiaonutiuna  fiir  1S50,  pnit  ii..  pugti  297. 
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Yon  feel  a  degree  of  lassitiidfi  imoonquerable,  which  not  e 
the  Befthathing,  which  everywhere  e!se  proves  so  salutary  and 
reoovating,  can  dispel.  Except  wheu  iu  actiiiil  danger  of  ehij)- 
wreck,  I  never  spent  twelve  more  disagreeable  days  in  the  pro- 
fesaioDal  part  of  my  life  than  in  these  calm  latitudes.  I  oroesed 
the  line  oii  ihe  ITtbof  January,  at  eight  a.m.,  in  longitude  21"  20', 
und  soon  found  1  had  Eormoivnted  all  the  difficulties  consequent 
to  that  event ;  that  the  breeze  continued  to  freshen  and  draw 
lound  to  the  sontb-soiith-eafit,  bringing  with  it  a  clear  aky  and 
most  heavenly  temperature,  renovating  and  refreshing  beyond 
description.  Nothing  was  now  to  be  seen  but  cheerful  counte- 
nan^ies,  exchanged  as  by  enchantment  &om  thut  sleepy  Mluggiub- 
ness  which  hod  borne  us  all  down  for  the  last  two  weeka," 

516,  SabjecU  ichidt  al  $ea  preaent  Ihemadvet  for  conleuiplatiojt. — 
One  need  not  go  to  sea  to  perceive  the  grand  work  which  the 
clouds  perform  in  collecting  moisture  from  the  crystal  vaulta  of 
the  sk>',  in  sprinkling  it  upon  the  Eelds,  and  making  the  hills 
glad  with  showers  of  rain.  Winter  and  summer.  '■  the  clouds 
drop  fatness  upon  the  earth."  This  part  of  their ^flice  is  obvious 
to  all,  and  I  do  not  propose  to  consider  it  uow.  But  the  sailor 
at  aaa  observes  phenomena  and  witnesses  operations  in  the 
terrestrial  economy  which  tell  him  that,  in  the  beautiful  and 
exquisite  adjustmenta  of  the  grand  machinery  of  the  atmosphere, 
the  clouds  have  other  important  offices  to  perform  besides  those 
merely  of  dispensing  showers,  of  producing  the  rains,  and  of 
weaving  mantles  of  snow  for  the  protection  of  our  fields  in 
winter.  As  important  as  are  these  offices,  the  philosophical 
mariner,  u  he  changes  his  sky,  is  reminded  that  the  clouds 
have  commandmeuta  to  fulfil,  which,  though  less  obvious,  are 
not  therefore  the  less  benign  in  their  influences,  or  the  lam 
worthy  of  his  notice.  He  beholds  them  at  work  in  moderating 
the  extremes  of  heat  and  cold,  and  in  mitigating  climates.  At 
one  time  ihoy  spread  themselves  out;  they  cover  the  earth  as 
wilh  a  mantle ;  they  prevent  radiation  from  its  crust,  and  keep 
it  waim.  At  another  time  they  interpose  between  it  and  the 
HUD  ;  they  screen  it  from  his  scorcliing  rays,  and  protect  the  tender 
plants  from  his  heat,  the  lanil  fiom  the  drought ;  or,  like  a  gar- 
ment, they  overshadow  the  Ma.  defending  its  waters  from  the 
intense  forces  of  eraporatiou.  Having  performed  thuse  offioee 
for  one  place,  they  are  evaporated  and  given  up  to  the  sunbettm 
and  the  winds  again,  to  be  borne  on  their  wings  away  to  aUtlf  ^\ 
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'wliioli  Fland  in  neod  of  like  offices.  Familiar  with  olouda 
I  BoriBhuio,  the  Btonn  and  the  calm,  and  all  tho  phonomena 
which  find  expression  in  the  physical  geogmphy  of  the  sen,  the 
Itight-minded  manner,  as  he  cootemplateB  "  the  ckmd  without 
i  to  regard  it  as  an  empty  thing ;  he  perceives  that 
it  pvifonuH  many  important  offitiee ;  Le  regards  it  as  a  gi'eat 
aiodorator  of  heat  and  cold — as  a  "  oomponsatiun  "  in  tlie  atmo- 
ephorical  mochaniam  which  makes  the  perfoiroanoe  perfeot. 
Marvellous  are  the  ofSces  and  wonderful  is  tho  conetitution 
.^1'  the  atmosphere.  Indeed,  I  know  of  no  Buhject  more  fit  for 
ItroStable  thought  on  tho  part  of  tho  truth-loving,  knowledge- 
seeking  student,  be  he  hoaman  or  landsman,  than  that  afforded 
by  the  atmosphere  and  its  offices.  Of  all  parts  of  the  physical 
tnaohinery,  of  all  the  contrivanoes  in  tho  mechanism  of  the 
|himiver8e.  the  atmosphere,  with  ita  offices  and  its  adaptatii 

le  to  he  the  most  wonderful,  sublime,  and  beautiful, 
1  its  construction,  the  grandeur  of  knowledge  is  displayed, 
'  a  perfect  man  of  Uz,  in  a  moment  of  inspiration,  thus  bursts 
finth  iu  kudation  of  this  part  of  God's  handiwork,  demanding 
of  his  comforttirs,  "  Sut  where  shall  wisdom  be  found,  and  where 
18  the  plaoe  of  understanding?  Tho  depth  saith.  It  ia  not  in  me ; 
and  the  sea  saith.  It  is  not  with  me.  It  cannot  be  gutten  for 
gold,  neither  shall  silver  be  weighed  for  the  price  thereof.  No 
nention  shall  be  made  of  ooral  or  of  pearla,  for  the  price  of 
wiadom  ia  above  rubies.  ^V'honce,  then,  cometh  wisdom,  and 
where  is  the  place  of  understanding?  Destruction  and  Death 
a^Ti  we  have  heard  the  fame  thereof  with  our  ears.  God  under- 
■tAtideth  tho  way  thereof,  and  he  knoweth  the  place  thereof ;  for 
he  looketh  to  the  ends  of  the  earth,  and  secth  under  the  whole 
heaven ;  to  make  the  aeighl  /or  the  aiaiU ;  and  he  weigheth  the 
waters  by  measure.  When  he  made  a  decree  for  the  ruin,  and  a 
■  Way  for  the  lightning  of  tho  thunder,  then  did  he  see  it  and 
tdeolare  it :  he  prepared  it,  yea,  and  eeaicbed  it  out."*  When 
1  pump-maker  came  to  ask  Galileo  to  explain  how  it  waa  that 
I  pump  would  not  lift  wi|ter  higher  than  thirty-two  feet,  the 
hiloaopher  thought,  but  was  airaid  to  say,  it  waa  owing  to  "  Ihs 
■Vtight  of  the  winds ;"  and  though  the  fact  that  the  uir  has 
reight  is  here  so  distinctly  onnonnced,  phitosophei 
jnized  the  foot  until  within  comparatively  a  recent  period, 
ten  it  was  proclaimed  by  them  as  a  great  discovery.  Nevt 
*  Job,  cLap.  xxriij, 
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theleSB,  tbe  fact  was  set  forth  as  distinctly  in  the  Book  of  Natars 


n  the  Book  of  I 


;   for  thi 


availiDg 

Ik  from  its  mother's 


itself  of  atiuuBphericnl  preasure  to  draw  n 
breiist,  iinconociouely  proclaimed  it. 

517.  7%e  baromeler  ujxfcr  Ike  eload^ring. — The  barometer"  etandB 
lower  under  this  cloud-ring  than  on  either  gide  of  it  (§  362). 
After  having  orossed  it,  the  attentive  navigator  may  perceive 
how  Ihiit  holt  of 'stouda,  by  screening  the  parallels  over  v>-hich  he 
may  have  found  it  to  hang  from  the  sun's  rays,  not  only  promotes 
the  precipitation  which  takes  place  within  these  paruUela  at 
certain,  periods,  but  how,  also,  the  rains  are  made  to  change  the 
places  upon  which  they  are  to  fall ;  and  how,  by  travelling  with 
the  oa1m  belt  of  the  equator  up  and  down  the  earth,  this  cloud- 
ring  shifts  the  surface  from  which  the  heating  rays  of  the  « 
are  to  he  excluded ;  and  how,  by  this  operation,  tone  is  g 
the  atmospherical  oii'OiiIation  of  the  world,  and  vigour  to  J 
vegetatioi 

518.  Its  motions. — Having  travelled  with  tbe  calm  belt  to  ilie 
north  or  suiilh.  the  cIoud-Hng  leaves  a  clear  sky  about  the 
oquafor;  iho  rays  of  the  torrid  sun  then  pour  down  upon  tha 
solid  crust  of  the  earth  there,  and  raise  its  tomperatuie  to  a 
scorching  heat.  Tbe  atmosphere  dances  (§  35S),  and  the  air  is 
seen  trembling  in  ascending  and  descending  columns,  with  busy 
eagerness  to  conduct  the  boat  off  and  deliver  it  to  the  regions 
aloft,  where  it  is  required  to  give  dj-nsmical  force  to  the  air  in 
its  general  channels  of  circulation.  The  dry  season  continues; 
the  sun  is  vortical ;  and  finally  the  earth  becoiacs  parched  and 
dry;  the  host  accumulates  faster  than  tbe  air  can  carry  it  away; 
the  plants  begin  to  wilher,  and  the  animals  to  perish.  Then 
comes  tbe  mitigating  cloud-ring.  The  burning  rays  of  the  sun 
are  intercepted  by  it :  tbe  ploae  for  the  absorption  snd  reflectiMi, 
and  the  delivery  to  the  atmosphere  of  the  solar  hent,  is  changed; 
it  is  transferred  from  the  upper  surface  of  the  eaith  to  the  appar 
surface  of  tlie  clouds. 

519.  Meteorological  procettea, — Radiation  from  land  and  sea 
below  tbe  cloud-belt  is  thu:^  interrupted,  and  the  excess  of  heat 
in  the  earth  is  delivered  to  the  air,  and  by  absorption  carried  up 
to  the  clouds,  and  there  transferred  to  their  vapours  to  prevent 

*  ObiiDinitlons  nou  ahow  that  tbo  tbennameter  Btnaik  higliSBt  umlfr  lb* 
ctnacl-ring.  Iii'lnd,  the  indicatioiM  are  Ihat  it  ooiacidos  iritb  the  tbarmal 
equntoi. 
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^^H^^^^f  pret^pitAtioD.  In  the  mean  time,  the  trade-vrini^s  north 
^^E^d  south  are  pouring  iato  this  cloud-coverod  receiver,  as  the 
^^Pavlm  and  rain  Iwlt  of  the  equator  may  be  called,  fresh  siipplieB  in 
^V  ^^  shape  of  coaaelesB  volumes  uf  heated  air,  which,  loftdcd  to 
BAtuifttion  with  vapour,  has  to  rise  above  and  get  clear  of  the 
clouds  before  it  can  commence  the  process  of  cooling  by  radia- 
tion. In  the  mean  time,  also,  the  vapours  which  the  trade- 
winds  bring  from  tbo  north  and  the  south,  espauding  and 
growing  cooler  as  tbey  ascend,  are  being  condensed  on  the  lower 
side  of  lUe  cloud  stratum,  and  their  latent  heat  is  set  free,  to 
obeok  precipitation  and  prevent  a  flood.  While  this  process  and 
these  operations  are  going  on  upon  the  nether  side  of  the  cloud- 
ring,  one  nnt  less  important  is,  we  may  imagine,  going  on  up<:in 
the  upper  side.  There,  from  sunrise  ia  simtiet,  the  rays  of  the 
BTin  are  pouring  down  without  intonuti-eiou.  Every  day,  and  all 
day  long,  tliey  play  with  ceaseless  activity  npon  the  upper 
■nr&oe  of  the  cloud  stratum.  When  they  become  too  powerful, 
1  oottvey  more  heat  to  the  cloud  vapours  than  the  cloud 
s  can  reflect  and  give  off  to  the  air  above  them,  then,  with 
BRQtiful  elasticity  of  character,  the  clonds  absorb  the'  surplus 
They  melt  away,  become  invisible,  and  retain,  in  a  latent 
d  harmless  state,  until  it  is  wanted  at  some  other  place  and  on 
»  other  occasion,  the  heat  thus  imparted.  We  thus  have  an 
nght  into  the  operations  which  are  going  on  in  the  equatorial 
elt  of  precipitation,  and  this  insight  is  suificient  to  enable  iis  to 
p««eive  that  exquisite  indeed  are  the  arrangements  which 
Katnre  has  provided  for  supplying  this  calm  belt  with  heat, 
and  of  pushing  the  snow-iine  there  high  up  above  the  clouds,  in 
order  that  the  atmosphere  may  have  room  to  expand,  to  rise  up, 
overflow,  and  course  back  into  its  channttla  of  heallhfiil  circula- 
tion. As  the  vapour  is  condensed  sud  formed  into  drops  of  rain, 
Ljft  two-fold  object  is  accomplished  ;  coming  from  the  cooler 
I  of  the  clouds,  the  rain-drops  are  cooler  than  the  air 
1  earth  below;  they  descend,  and  by  absorption  take  up  the 
it  which  has  been  accumulating  in  the  earth's  crust  during  the 
y  season,  and  which  cannot  now  escape  by  radiation. 

.  Snow-liae  maantt  up  ag  it  crtmet  the  eqaatorial  calm  belt. — 

1  the  process  of  condensation,  these  rain-dtopa,  on  the  other 

Iwnd,  have  set  fi'ee  a  vast  quantity  of  latent  heat,  wbicli  has  been 
gathered  up  with  tho  vapour  from  the  sea  by  the  trade-winds  and 
brought  hither.     The  oalorio  thus  liberated  is  taken  by  the  air 
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aiid  oai'ried  up  aloft  still  farther,  to  ke*p,  ai  the  proper  d 
from  tho  earth,  the  Hue  of  perpetual  cungelation.  \Vere  it  pun- 
sible  to  trac«  a  thermal  curve  in  the  upper  regions  of  tlie  air  to 
represent  this  tiae,  we  fihuulJ  uo  doubt  find  it  mouDtiog  eome- 
tiiues  at  the  equator,  sometitnea  on  thia  side,  and  sontetimee  on 
that,  but  always  bo  mounting  as  to  overleap  thia  cloud-ring.  This 
Utei-mal  line  would  not  asocnd  always  over  tlie  Barao  parallels :  it 
would  ascend  over  those  hetwe»jn  which  this  ring  happens  to  be ; 
and  the  distance  of  this  ring  fiom  the  equator,  north  or  eouth,  is 
regulated  according  to  tbo  seaflons.  If  we  imagine  the  atmo- 
Bphericol  equator  to  be  always  where  the  calm  bolt  is  which 
separatoN  the  north-caet  from  the  south-east  trade-winds,  then  the 
loop  in  the  thermal  curve,  which  should  repreeent  the  line  of  per- 
petual congelation  in  the  air,  would  be  always  found  to  stride 
thia  equator  ;  and  it  may  be  supposed  that  a  thermometer,  kept 
sliding  on  the  surface  of  the  eai-th,  so  as  always  to  be  in  the 
middle  of  this  rain-belt,  would  show  very  nearly  the  same  tempe- 
rature all  the  year  round  ;  ajid  so,  too,  would  a  barometer  the 
same  pressure,  though  the  height  of  the  atmosphere  over  this 
calm  belt  would,  in  oouscquence  of  so  much  heat  and  expansion, 
be  very  much  greater  than  it  is  over  the  trade-winds  or  tropical 
calms. 

521.  Offioet  of  the  cloud-ring. — Returning  and  taking  up  tho 
train  of  contemplation  as  to  the  ofGce  which  this  belt  of  clouds, 
as  it  enoiroles  the  earth,  performs  in  the  system  of  oceanic  adapta- 
tions, we  may  see  how  the  cloud-ring  and  calm  zone  which  it 
overshadows  perform  the  office  both  of  ventricle  and  auricle  iti 
the  immense  atmospherical  heart,  where  the  heat  and  the  force* 
which  give  vitality  and  power  to  ihe  system  are  brought  into 
play — where  dynamical  streugth  is  gathered,  and  an  impulee 
given  to  the  air  sufficient  to  send  it  thouce  through  its  long  and 
tortuous  channels  of  circulation. 

522.  It  acU  as  a  regtJuloT. — Thus  tlus  ring,  or  band,  or  belt  o( 
clouds  is  stretched  around  our  planet  to  regulate  the  quantity  of 
precipitation  in  the  rain-belt  beneath  it;  to  preserve  the  due 
quantum  of  heat  on  the  face  of  tho  earth ;  to  adjust  the  winds : 
uud  send  out  for  distribution  to  the  four  comers  vapours  in 
Dropor  quantities  to  make  up  to  each  river'basin.  climate,  and 

I  its  quota  of  sunshine,  cloud,  and  moisture.  Like  the 
nce-wLoel  of  an  artificial  machine,  this  cloud-ring  affords  thA 
i  atmospherical  machine  the  mobt  uxquisitely-amuiged  M^fr 


If  tho  sun  fail  in  his  supply  of  beat  to  tlus  region 
f  it«  vapours  are  condensed,  and  heat  is  disubaged  &um  its 
it  store-houaes  in  quoutitica  just  Bufficient  lo  ketip  ibe  maubine 
)  moat  perfect  compensation.  If,  on  tbe  other  hmiil,  tou 
L  beat  be  found  to  acooiopaiij  tbe  rays  of  the  sun  an  they 
mpinge  upon  the  upper  circumfereucB  of  thin  belt,  thsn  again 
D  tbat  Bide  the  meuas  of  self -compensation  are  ready  at  band  : 
BQ  muoh  of  tbe  cloud -service  ax  may  be  requisite  is  then  reaoWed 
into  invisible  vapour — for  of  invisible  vapour  are  made  tbe 
veaeets  wherein  the  surplus  beat  of  tbe  sun  is  stored  away  and 
eld  in  tbe  latent  state  until  it  is  called  for,  when  it  is  instantly 
l6t  free,  and  Iwuouios  a  palpable  and  an  active  agent  in  the  grand 
"wign. 

7%e  laient  heat  liberaled  in  the  prtKegua  of  eondetuation  from 
under  the  doad-ring,  tnig  caiue  of  the  Irade-teindt. — Evaporation 
ir  tbiscloud-ring  is  suspended  almost  entirely.  We  know  that 
trade-winds  eucirele  tbe  earth ;  that  they  blow  peqietually ; 
Lt  they  come  from  tbe  north  and  tbe  south,  and  meet  each 
ir  near  (he  equator;  therefore  we  infer  that  this  lino  of  meet 
extends  around  tho  world.  By  the  rainy  seasons  of  tbe  torrid 
>,  excejit  where  it  may  bo  broken  by  the  cuntineuta,  we  can 
tnce  ibe  declination  of  this  oloud-ring,  stretched  like  a  girdle 
ahoat  our  planet,  up  and  down  tho  earth  ;  it  travels  after  the  ann 
«p  and  down  the  ocean,  as  from  north  to  south  and  back,  it  is 
~  ~  than  the  belt  of  calms  out  of  which  it  rises.  As  the  air, 
itb  its  vapours,  rise«  up  in  this  calm  belt  and  ascends,  these 
iponrs  are  condensed  into  clouda,  and  this  condensation  in  fol- 
iwed  by  a  turgid  intumescence,  which  causes  the  clouds  In 
overflow  the  calm  bell,  as  it  were,  bdtb  to  tbe  nortli  and 
the  south.  The  air  flowing  off  in  tbe  same  direction  asxumea 
character  of  ^vinds  that  form  tho  upper  cun-ents  that 
counter  (Plate  I.)  to  tho  trade-winds.  These  currents 
the  clouds  still  farther  to  tbe  north  and  south,  and  thiaa 
tbe  cloud-ring  broader.  At  lea^t  wo  infer  such  to  be  tbe 
for  tlie  rains  are  found  to  extend  out  intu  the  trade-winds, 
end  often  to  a  considerable  distance  both  to  tbe  north  and  tbe 
•OUth  of  the  calm  belt, 

524.  /nui^incfi  appearance  of  the  clo»d-ring  lo  a  di*tnnl  obaertier. — 
Were  Ibia  cloud-ring  luminous,  and  could  it  be  aecn  by  an  ob- 
server from  one  of  tbe  planets,  it  would  present  to  him  an  appear- 
taoa  nst  nutike  the  rings  of  Saturn  do  to  us.    Such  an  observer 
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wonld  remark  that  this  cloud-ring  of  the  earth  has  a  niotioa  con- 
trary t«  that  of  tlio  axis  of  our  plauet  itself— that  while  the  earth 
was  revolving  rapidly  from  weet  to  ea^t.  he  would  observe  the 
oloud-ring  to  go  slowly,  but  only  relatively,  from  tiHMt  to  weet. 
As  the  winds  which  bring  this  cloud-vapour  to  this  region  of 
calms  riae  up  with  it,  the  earth  is  alippJDg  from  under  them ;  and 
thus  the  cloud-ring,  though  really  moving  from  west  to  east  with 
the  earth,  goes  relatively  slower  tlian  the  eailh,  aud  would  there- 
fore appear  to  require  a  longer  time  to  complete  a  revolution. 
But,  unlike  the  rings  of  Saturn  through  the  telescope,  the  outer 
surface,  or  the  upper  side  to  ns,  of  this  cloud-ring,  would  appear 
esceedinglj"  jagged,  rough,  and  uneven. 

525.  TViutirfer.— The  niys  of  the  sun,  playing  upon  this  peak 
and  then  upon  that  of  the  upper  cloud-eurface,  melt  away  one  set 
of  elevations  and  create  another  set  nf  depressions.  The  whole 
stratum  is.  it  may  be  imagined,  in  the  moat  turgid  state ;  it  is  in 
continued  throes  when  viewed  from  above ;  the  heat  which  ia 
liberated  fruin  below  in  the  process  of  condeubation,  the  currents 
of  warm  air  BEceudiug  from  the  earth,  and  of  cool  descending 
from  the  sky — all,  we  may  well  conceive,  tend  to  keep  the  upper 
cloud-sui-fiioe  in  a  perpetual  stale  of  agitation,  upheaval,  and 
depression.  Imagine  in  such  a  cloud-stratum  an  electrical  dis- 
charge to  take  place  ;  the  report,  being  caught  up  by  the  cloud- 
ridges  above,  is  passed  from  peak  to  peak,  and  repeated  from 
valley  to  valley,  nntil  the  last  echo  dieti  away  in  the  muttorings 
of  the  distant  thunder.  How  often  do  we  hear  the  voice  of  t^e 
loud  thunder  rumbling  and  rolling  away  above  the  cloud-sui'&oe, 
like  the  eoho  of  artillery  discharged  among  the  hills  I  Hence 
we  perceive  or  infer  that  the  clouds  inlercept  the  progresB  of 
sound,  as  well  as  of  light  and  heat,  and  that  this  upper  surface  is 
often  like  Alpine  regions,  which  echo  biick  aud  roll  along  with 
rumbling  noise  the  mutterings  of  the  distant  thunder. 

52G.  Exceeding  inlereit  aUaehed  to  physical  retearch  at  tea. — 
It  is  by  trains  of  reasoning  like  this  that  we  are  continually  re- 
minded of  the  interest  which  attaches  to  the  observations  which 
the  mariner  is  called  on  to  make.  There  is  no  expreBsion  uttered 
by  nature  which  is  unworthy  of  our  most  attentive  consideration 
—for  no  physical  fact  is  too  bald  for  study—and  mariners,  by 
re^Blering  in  their  logs  the  kind  of  lightning,  whether  sheet, 
forked,  or  streaked,  and  the  kind  uf  ibuiider.  whether  rolling, 
mnltering,  or  sharp,  may  be  furnishing  foots  wlireh  will 


Iatnch  ligHt  on  the  featnres  and  character  of  the  cloads  in  difTereat 
IfttitudeH.snd  HeuBons.  PhyHJcal  taols  are  tho  lanpiage  of  Nature, 
and  eyery  expression  uttered  by  her  is  worthy  of  our  most  atten- 
tive consideration,  for  it  is  ihe  voice  of  Wisdom. 
'    1 
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631.  The  sea  and  air  regarded  at  pari*  of  the  tame  maehine, — 
Properly  to  appreointe  the  various  offices  which  the  winds  and 
the  waves  perfonu,  we  must  regaid  nature  as  a  whole,  fur  all  tho 
departments  thereof  are  intimately  connected.  If  we  attempt  to 
study  in  one  of  them,  we  often  find  ourselves  tracing  flews  which 
nuensibly  lead  us  nff  into  others,  aud  before  we  are  aware,  we 
ducover  ourselves  explering  the  chambers  of  some  other  depart- 
ment. The  study  of  drifts  takes  the  geologist  oat  to  sea,  itnd 
reminds  him  that  a  knowledge  of  waves,  winds,  and  currents,  of 
navigation  and  hydrography,  are  closely  and  intimately  connected 
with  hie  speciality.  The  astronomer  directs  his  telescope  to  tlie 
most  remota  Ktar  or  to  the  nearest  planet  in  the  sky,  and  makes 
on  observation  npon  it.  Ho  cannot  reduce  this  observation,  nor 
make  any  use  of  it,  until  he  has  availed  himself  of  certain  prin- 
ciples of  optics — until  he  has  consulted  the  thermometer,  gauged 
atmosphere,  and  considered  the  effect  of  beat  in  changing  its 
^wers  of  refraction.     In  order  to  adjust  the  pendulum  of  hia 

Xik  to  the  right  length,  he  has  to  measure  the  water  of  the  sea 
li  the  earth.  He,  loo,  must  therefore  go  into  the  study 
|f  the  tides ;  he  must  examine  the  earth's  crust,  and  consider  the 
ir  of  which  it  is  composed,  from  pole  to  polo,  circumference 
0  centre;  and  in  doing  this,  he  finds  himself,  in  his  researches, 
e  of  the  navigator,  the  geologist,  and  the  meteorologist. 
Kith  a  host  of  other  good  fellows,  each  one  holding  on  by  the 

me  thread,  and  following  it  np  into  the  same  labyrinth — all, 
t  may  be,  with  different  objects  in  view,  but  nevertheless,  each 
"  e  feeling  sui'o  that  ho  is  to  be  led  into  chambera  where  there 

e  stores  of  knowledge  and  instruction  especially  for  him.  And 
QmB,  in  undertaking  to  explore  the  physical  geography  of  the 

I,  I  have  found  myself  standing  side  by  side  with  the  geologist 
oa  the  land,  and  with  him,  far  away  from  Ihe  sea-shore,  engaged 
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in  considering  marine  fossils,  cliasgea  of  climates,  Ibe  eH'ecto  -of 
dt^setls  upon  the  winds,  or  the  influence  of  mountain b  upon  nina, 
or  Rome  of  the  many  phenomena  which  the  inland  basins  of  the 
earth — those  immense  indentations  on  its  surface  that  have  no 
sea-drainage  ^])reHent  foi'  contemplation  and  study. 

532.  The  Ind  of  the  Dead  Sea. — Among  the  most  interusting  of 
these  last  is  that  of  the  Dead  Sea.  Lieutenant  Lynch,  of  the 
United  States  Navy,  has  run  a  level  from  that  sea  lo  tlie  Meditor- 
raneon,  and  finds  the  former  to  be  abonl  one  thousand  three 
hundred  feet  below  the  geneiul  sea-level  of  the  earth.  In  scelcinK 
to  account  for  this  great  difference  of  water-level,  tie  geologist 
examines  the  neighbouring  region,  and  calls  to  his  aid  the  forces 
of  elevation  and  depression  which  are  supposed  to  have  resided 
in  the  neighbourhood;  he  then  points  to  them  as  the  agentti 
which  did  the  work.  Truly  they  are  raiglity  agents,  and  they 
have  diversified  the  snrface  of  the  earth  with  the  most  lowering 
inonnmenta  of  their  power.  But  is  it  necesstirj-  to  suppose  that 
they  resided  in  tie  vicinity  of  this  i-egion  ?  May  Ihey  nut  have 
come  from  the  sea,  and  been,  if  not  in  this  caiic.  at  least  in  the 
case  of  other  inland  banins,  as  far  removed  as  the  other  hemi- 
sphere  ?  This  is  a  qnestien  which  I  do  not  pretend  to  answer 
definitely.  But  the  inquiry  as  to  the  geological  agency  of  the 
winds  in  sticIi  oases  is  a  question  which  my  investigations  have 
It  has  its  seal  in  the  sea,  and  therefore  I  proponnd  it 
)  which,  in  accounting  for  the  formation  of  this  or  that 
inland  basin,  is  worthy,  at  least,  of  consideration. 

■')33,  An  ancieta  river  from  it. — Is  there  any  evidence  tliat  the 
annual  amount  of  precipitation  upon  tlie  water-shed  of  the  Dead 
Sea,  at  some  former  period,  was  greater  tluin  the.  annual  amount 
of  evaporation  from  it  now  is?  If  yea,  from  what  part  of  the 
sea  did  the  vsponv  that  supplied  the  cxceBs  of  that  precipitatioii 
come,  and  what  has  cnt  off  that  supply  ¥  Tlio  mere  elevation  of 
the  lim  and  depression  of  the  lake  basin  would  not  cut  it  off.  If 
we  establish  the  fact  that  the  Pead  Sea  at  n  former  period  did 
nend  a  river  lo  the  ocean,  we  cany  along  with  this  fact  the 
admission  that  when  tliat  sea  overflowed  into  tliat  river,  then  Iho 
water  that  fell  from  the  clonds  over  the  Dead  Sea  basin  was  more 
than  the  winds  cnuld  convert  into  vapour  and  carry  away  a| 
the  river  carriwl  off  the  excess  to  tlie  ocean  whence  it  c 

534.  Precipitation  and  evapmraliafi  in  Ihe  Dead  8tja  ealleig, — la^j 
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of  tlie  Deui]  Seik,  in  the  baaia  of  the  Caepian,  of  the  Sett  at 

and  in  the  other  iulaad  busily  of  AGio,  we  arc  entitled  to 

infer  that  the  precipitation  and  evaporation  are  at  this  time 

l«uotly  equal.     Were  it  not  so,  the  level  of  these  seas  would 

ibe  rising  or  liiuking.     If  the  precipitation  wore  in  eicess.  these 

'>|Wh  would  bo  gradually  beooiuing  fuller  ;  and  if  the  evaporation 

■6  in  eseets,  they  wonld  be  gradually  drying  up ;  but  observa 

does  not  show,  nor  history  tell  ns,  that  either  is  the  case. 

&r*aB  we  know,  the  level  of  these  seas  is  as  permanent  as 

it  of  the  ocean,  and  it  is  difficult  to  realize  the  existence  of 

ilrterraiiean  channels  between  them  and  the  great  ocean.     Were 

there  such  a  channel,  the  Dead  Soa  being  the  lower,  it  would  b» 

the  recipient  of  ocean  waters ;  and  we  cannot  conceive  how  it 

ahonld  be  such  a.  recipient  without  ultimately  rising  to  the  level 

its  feeder. 

5i)5.  Whence  emiie  ite  ravasf — It  nuty   be  that  the  quention 

by  my  renoarches  has  no  bearing  npon  the  Dead  Sea  ; 

tt  looal  elevations  and  subaidenceB  alone  were  concerned  in 

plttoing  the  level  of  its  waters  where  it  is.     But  is  it  probHl>le 

that  throngbout  all  the  geolopcal  periods,  during  all  the  changes 

'ttkt  have  taken  place  in  the  distribution  of  land  and  water 

;  earth.  Ihe  winds,  which  in  the  general  channels 

circulation  pass  over  the  Dead  Sea,  have  alone  been  nn- 

-ougliuut  all  ages,  periods,  and  formations,  is  it 

probable  that  the  winds  have  brought  us  just  as  much  moistnre 

lo  that  sea  as  they  now  bring,  and  have  just  taken  up  as  muc-h 

water  from  it  as  they  now  oaiTy  off?    Obviously  and  clearly  not. 

le  snlt-beds,  the  water-marks,  the  geologicaJ  formations,  and 

facts  traced  by  Nature's  own  hand  upon  the  tablets  of  the 

all  indicate  plainly  enough  that  not  only  the  Dead  Sea,  but 

Caspian  also,  had  upon  them,  in  former  periods,  more  abundant 

ins  than  thoy  now  have.    ^V  hero  did  the  vapour  for  those  rains 

from  ?  and  what  has  stopped  the  supply  ?     Surely  not  the 

ivation  or  depression  of  the  Dead  Sea  basin.     My  researches 

ith  regard  to  the  winds  have  suggested  the  probability  (S  2fl0) 

the  vapour  wliich  is  condensed  into  rains  for  the  lake  valley, 

which  the  St.  Lawrence  carries  off  to  the  Atlantic  Ocean,  is 

up  by  the  south-east  trade  winds  of  the  Pacific  Ocoan, 

Suppose  this  to  be  the  case,  and  that  the  winds  which  bring  this 

vapour  arrive  with  it  in  the  lake  country  at  a  mean  deW'poiu 

50°.     Let  us  alNO  admit  the  south-west  winds  to  be  th«  nus^ 
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winds  for  the  lakos  generally,  as  well  as  for  the  Miannippi 
Valley ;  they  are  tdno,  spCHking  generally,  the  rain  winds  rf 
Europe,  niid,  I  have  no  doubt,  of  extra-tropical  Asia  also. 

5'S6.  The  infiucnee  o/mounlam  ranges. — Now  suppose  a  oerUin 
monntain  range,  hundreds  of  miles  to  the  south-west  of  the  lake*, 
hut  across  the  path  of  these  winds,  with  their  dew-point  at  bV, 
were  to  be  suddenly  elevated,  and  ita  crest  pushed  into  the 
rugions  of  snow,  having  a  mean  temperature  at  il«  summit  of  30° 
Fahrenheit.  The  winds,  in  passing  that  range,  would  1>e  nib- 
jected  to  a  mean  dew-point  of  30° ;  and,  not  meeting  (S  29') 
with  any  more  evaporating  surface  between  such  range  and  the 
lakes,  they  would  have  no  longer  any  moisture  to  deposit  at  the 
supposed  lake  temperature  of  50° ;  for  they  could  not  yield  tlMir 
moisture  to  anything  above  30°.  Consequently,  the  amoont  <i 
pi'ecipitatiiin  in  the  lake  country  would  fall  off;  (he  winda  which 
feed  the  lakes  would  cease  to  bring  as  muohVater  as  the  lake* 
now  give  to  the  St.  Lawrence.  In  t>uch  a  case,  that  river  and 
The  Niagara  would  drain  them  to  the  level  of  their  owa  beds; 
evaporation  would  be  increased  by  reason  of  the  dryness  of  ^ 
atmosphere  and  the  want  of  rain,  and  the  lakes  would  eink  to 
that  level  nt  which,  as  in  the  case  of  the  Caspian  Sea,  the  pre- 
cipitation and  evaporation  would  finally  become  equal. 

637.  Boa  the  level  of  Cotpians  h  reduced.— "TheTe  is  a  lelf- 
regnlating  principle  that  would  bring  about  this  equality ;  for  u 
the  wat«r  in  the  lakes  becomes  lower,  the  area  of  its  eur&ce 
would  be  diminished,  and  the  amount  of  vapour  taken  from 
it  would  consequently  became  less  and  less  as  the  surface  was 
lowered,  until  the  amount  of  wat«r  evaporated  would  become 
equal  to  the  amount  mined  down  again,  precisely  in  the  eajM 
way  that  the  amount  of  water  evnporated  from  the  sea  is  exactly 
equal  to  (he  whole  amount  poured  back  into  it  by  the  rains,  the 
fogs,  and  the  dews."  Thus  the  great  lakes  of  this  continent 
would  remain  inland  seas  at  a  permanent  level ;  the  salt  brought 
from  the  soil  by  the  washings  of  the  rivers  and  rains  would  ceue 
to  be  taken  off  to  tho  ocean  as  it  now  is;  and  finally,  loo,  the 
great  American  lakes,  in  the  process  of  ages,  would  become  first 
brackish,  and  then  briny,  Kow  suppose  the  water  baMins  which 
hold  the  lakes  to  be  over  a  thousand  fathoms  (six  thousnnd  feM) 
deep.      We  know  they  are  not  more  than  four  1 

*  Tlio  <iuaiitity  of  dew  la  EDgland  is  aboia  Sve  inches  daring  a  | 
aiaitba: 
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mtyfeet  deep  ;  bat  snpposo  t.bem  to  be  six  thousand  feet  deep, 
rilo  pn>ces&  of  evaporatiga,  after  tie  St,  Lawrence  baa  gone  dry, 
Inisht  go  on  nntil  one  or  two  tbuusaiid  feet  or  more  were  lost 
1  the  sorikce,  and  we  should  then  huve  another  instance  of 
tiie  level  of  an  island  water-basin  being  far  betow  the  sea-level, 
,e  of  the  Dead  Sea;  or  it  would  become  a  rainless' 
'district,  when  the  lakes  themselves  would  go  dry.  Or  let  as 
take  another  case  for  illustration.  CorallineB  are  at  work  about 
iite  Gulf  Stream :  they  have  built  up  the  Florida  Eeefit  on  one 
I,  and  the  Bahama  Banks  on  the  other.  Suppose  they  should 
Iraild  up  a  dam  across  the  Florida  Pass,  and  obstruct  the  Gulf 
ftreun;  and  that,  in  like  manner,  they  were  to  connect  Cnb& 
Srillt  Yucatan  by  damming  up  the  Yucatan  Pass,  so  that  the 
flraters  of  the  Atlantic  should  cease  to  flow  into  the  Gulf  of 
llexioo.  What  should  we  have?  The  depth  of  the  marine  basin 
wMch  holdH  the  waters  of  that  Gulf  is,  in  the  deepest  part,  about 
i  mile.  We  should  therefore  have,  by  stopping  np  the  channels 
1  the  Gnlf  and  the  Atlantic,  not  a  sea-level  in  the  Gulf, 
)  should  have  a  mean  level  between  evaporation  and 
iraoipitation.  If  the  former  wei'e  in  excess,  the  level  of  the 
hilf  waters  would  sink  down  nntil  the  surface  exposed  to  the  air 
vronld  be  just  sufficient  to  return  to  the  atmosphere,  aa  vapour, 

I  amount  of  wat^r  discharged  by  the  rivers  —  the  Missis- 
ipi  and  others — into  the  Gulf.     Aa  the  waters  were  lowered, 

ttie  extent  of  cvapointicg  surface  would  grow  less  and  less,  uutil 
Batnre  sbonld  establish  the  proper  ratio  between  the  ability  ol 

e  air  to  ^ke  up  and  the  capacity  of  the  clouda  to  let  down. 

Iiua  we  night  have  a  sea  whoso  level  would  be  much  farther 
below  the  water-level  of  the  ocean  than  is  the  Dead  Sea. 
i    fi38.  lie  /omuttion  of  inland  batim — a  third  proccm. — There  Li 

II  another  process,  besides  the  one  alrtady  alluded  to,  by  which 
19  drainage  of  these  inland  basins  may.  through  the  agency  of 
M  winds,  have  been  cut  off  by  the  groat  salt  seas,  and  that  in 
f  the  elevation  of  continents  from  the  bottom  of  the  sea  in 
istaot  regions  of  the  earth,  and  the  substitution  caused  thereby 

t  dry  land  instead  of  water  for  the  winds  to  blow  upon.    Sow 

e  that  a  continent  should  rise  np  in  that  part  of  the  ocean, 

trhentver  it  may  be,  that  supplies  the  cli.iuds  with  the  vapour 

.  makes  the  rain  for  the  hj'drographic  basin  of  the  great 

jnericau  lakes.      What  would  bo   the  result?     Why,  surely, 

r  clouds  and  less  rain,  which  would  involve  a  change 


I 
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olimate  in  the  lake  countty  ;  an  increaee  of  evaporation  froia  tl^ 
,  because  a  decrease  of  pTecipitation  upon  it ;  and,  cunbequeiitljr,  n 
dimiDntioa  of  cloudy  screens  to  protect  the  wateiti  of  the  lakes 
from  being  sncked  up  by  tJje  rays  of  the  sun  ;  and  consequently, 
too,  there  would  follow  a  low  stage  for  water-courses,  and  a 
lowering  of  the  lake-level  would  epHiie. 

539.  Examptea. — So  far,  I  have  instanced  these  caeos  only 
hypo  the  tically ;  but.  both  in  regard  to  the  hydrographical  baauiG 
of  the  Mexican  Gulf  ajid  American  lakes,  1  have  confined  myself 
Btrictly  to  analogies,  Mounlain  ranges  have  been  upheaved 
acroea  the  course  of  Che  winds,  and  continent  have  been  raised 
from  the  bottom  of  the  sea ;  and,  no  doubt,  the  influenc^e  of  KUch 
upheavals  has  been  felt  in  remote  regions  by  means  of  tbe  winds, 
and  tbe  effects  which  a  greater  or  less  amount^of  moisture  brought 
by  them  would  produce.  In  tlia  case  of  the  Salt  Lake  of  Utah,  we 
have  an  example  of  drainage  that  has  been  cut  off,  and  an  illns- 
tration  of  tbe  process  by  which  Nature  equalizes  the  evaporation 
and  precipitation.  To  do  this,  in  this  instance,  she  is  salting  up 
the  banin  which  received  the  drainage  of  this  inland  water-«hed. 
Here  we  liave  the  appeai-ance.  I  am  told,  of  an  old  channel  by 
which  the  water  used  to  flow  from  this  basin  to  the  sea.  Snp- 
poHing  there  was  such  a  time  and  such  a  water-course,  the  water 
returned  through  it  to  the  ocean  was  the  amount  by  which  the 
precipitation  uaed  to  exceed  tbe  evaporation  over  the  whole 
extent  of  country  draingd  through  this  now  drj'  bed  of  a  river. 
The  winds  have  had  sotiietLing  to  do  with  this ;  they  are  the 
agents  which  used  to  bring  more  moisture  from  th^sea  to  this 
water-ehed  than  they  carried  away  ;  and  they  are  tbe  agents 
whitih  now  carry  off  from  that  valley  more  moistuie  than  is 
brought  to  it,  and  which,  therefore,  are  making  a  salt-bed  of 
places  that  used  to  bo  covered  by  water.  In  like  manner,  ibere 
is  evidence  that  the  great  American  lakes  formerly  had  a  drainage 
with  the  Gulf  of  Mexico ;  for  boats  or  canoes  have  been  actually 
known,  in  former  3'ears,  and  in  times  of  freshets,  to  pass  from  tbe 
Mississippi  Itiver  over  into  the  lakes.  At  low  water,  tbe  bed  of 
s  dry  river  can  be  traced  between  thorn.  Now  the  Salt  Lake  of 
Utah  is  to  the  southward  and  westward  of  our  northern  lake 
basin  ;  that  is  the  quarter  (§  357)  whence  the  rain-winds  have 
been  supposed  to  come.  May  not  the  same  cause  which  lessened 
the  precipilntioQ  or  increased  the  evaporaliuu  in  the  Salt  Lake 
watet^4liod,  have  done  the  same  for  the  wator-shed  of  the  great 
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ystem  of  lakes?     If  the  mountains  to  the  west— the 

tt  Xavada,  for  ui)>tunce-'«taii<l  liigher  jrnw  tbun  lliey  formerly 

■v^U,  and  if  the  winds  which  ftved  the  Unit  Luke  valley  with  }ire- 

alpibttiun  fumierly  had,  na  I  Huppoue  they  uow  have,  to  puKS  the 

MKiits  of  these  mountains,  it  ia  easy  to  perceive  why  the  winds 

lottld  not  convey  a«  much  vapour  (usross  them  now  u  they  did 

ttrben  the  aummit  of  the  mnge  was  lower  and  not  bo  cool.     The 

1  the  trade-wind  region  of  South  America,  stand  «p  no 

high,  th»t  the  wind,  in  order  to  cross  them,  hus  to  part  with  all 

'       e  (S  2y7),  and  oonsequiintly  there  is,  on  ibe  w 

s  r^iun.  Now  suppose  a,  range  of  such  monntaina  u 
e  U>  be  elevated  acroiss  the  track  of  the  winds  which  supply 
a  lake  ooniitry  with  rains ;  it  is  easy  to  perceive  how  tliu  whole 
latry  to  the  lecwai'd  of  such  range,  and  now  watered  hy  tlio 
MOT  which  such  winds  bring,  would  be  converted  into  a 
i  K^n.  1  have  used  these  hjrpolhetical  cases  to  illustrate  a 
pooition  which  any  pbilosopbur,  who  ouusiders  the  geolugiciil 
jeBoy  of  the  widds,  may  with  propriety  oonsolt.  when  he  is 
~d  of  an  inland  basin  the  water-level  of  which,  it  is  evident,  was 
e  higher  tbim  it  now  is;  and  that  position  is  that,  though  the 
"mces  ofahigher  water-level  be  unmistakable  and  couclnsive. 
«  not  follow  therefore  tbat  there  has  been  a  subsidence  of 
B  l^e  basin  itself,  or  an  upheaval  of  the  water-shed  drained  by 
The  cause  which  has  produced  this  change  in  the  water- 
wvel,  inst««d  of  being  local  and  near,  may  be  remote ;  it  may 
have  its  seat  in  the  obstructions  to  "the  wind  in  his  cirouits." 
which  have  been  inlerposed  in  some  other  quarter  of  the  world, 
shich  obstructions  may  prevent  the  winds  fiotn  taking  up  cr 
Bm  bearing  off  their  wunled  supplies  uf  moisture  for  tlie  region 

e  water-level  has  been  lowered, 
I^MU.  The  infiuenee  of  Ike  South  American  continmU  upon  the  cUputle 
)  the  Dead   Sea. — Having  therefore.  I  bope,   made  clear  the 
tntng  of  the  question  proposed,  by  showing  the  mtmucr  in 
hioh  winds  may   becomu    important    geological   agents,    and 
viug  explaineii  how  the  upheaving  of  a  mountain  range  in  one 
1  of  the  worli^  may,  through  the  wiuds,  boar  upon  the  physical 
iphy  of  the  sea,  aHeot  climatos,  and  produce  geological 
unomena  in  another,  1  return  to  the  Dead  Bea  and  the  great 
i  basins  of  Asia,  and  usk,  How  far  is  it  possible  for  the  eleva- 
1  of  the  South  American  continent,  and  the  upheaval  of  its 
B,  to  have  had  any  eS'ect  upoU  the  watel'-level  of  thuH 
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seas?  There  are  indi cations  (S  5H5)  that  tUey  all  odcb  bad* 
higber  water-levol  thaa  they  now  have,  and  that  formerly  the 
amount  of  precipilation  was  greater  than  it  now  is ;  then  what 
has  become  of  the  souroea  ul'  vapour?  What  has  diminished  its 
supply  ?  lla  supply  would  be  diminished  (S  638)  eiiher  by  the 
Bubstitutiou  of  dry  land  For  wat«r-surface  in  those  parts  of  the 
ocean  which  used  to  supply  that  vapour;  or  the  quantity  of 
vapour  deposited  in  the  hydrograpbical  basins  cf  those  seas 
would  have  been  leHtiened  if  u  snow-capped  range  of  mountains 
(S  536)  bad  been  elevated  across  the  path  of  these  winds,  between 
the  places  whore  they  were  supplied  with  vapour  and  theaa 
basins.  A  chain  of  evidence  which  it  would  be  difficult  to  set 
aside  is  contained  in  the  chapters  IV.,  VI.,  and  VII,,  going  to 
show  that  the  vapour  which  supplies  the  estra-tropical  regions  of 
the  north  with  rains  comes,  in  all  probability,  from  the  trade-vrind 
regions  of  the  southern  hemisphere. 

541.  21ie  palh  of  the  S.E.  trade-teindi  over  inio  the  norOiern  hemi- 
spftere.^Now  if  it  be  true  that  the  trade-winds*  from  that  part  of 
the  world  take  up  there  water  which  is  to  be  rained  in  the 
extra-tropioal  nortli,  the  path  ascribed  to  the  soutli-eafit  trades  of 
Africa  and  America,  after  they  descend  and  become  ihe  pre- 
vailing south-west  winds  of  the  northern  hemisphere,  sboiild 
pass  over  a  region  of  less  precipitation  generally  than  Ihey  would 
do  if,  while  performing  the  office  of  south-east  trades,  ihey  had 
blown  over  water  inctead  of  land.  The  south-east  trade-winds, 
with  their  load  of  vapour,  whether  great  or  small,  lake,  afler 
ascending  in  the  equatorial  calmn,  a  north-eaaterly  direction ; 
they  continue  to  flow  in  the  upper  rcgionn  of  tbo  air  in  that 
direction  until  they  cross  the  tropio  of  Cancer.  The  places  of 
least  rain,  then,  between  this  tropic  and  the  pole,  should  be 
precisely  those  places  which  depend  for  their  rains  upon  the 
vapour  which  the  winds  that  blow  over  south-east  trade-wind 
A&ica  and  America  convoy.  Now,  if  we  could  trace  the  path  of 
the  winds  through  the  eutrartropical  regions  of  the  northern 
hemisphere,  wo  should  be  able  to  identify  the  track  of  these 
Andean  winds  by  the  droppings  of  the  clouds  j  for  tbo  path  of 
the  winds  which  depend  for  their  moisture  upon  such  sources  of 
supply  us  the  dry  land  of  (.'ontra!  Sooth  America  and  Africa 
cannot  overshadow  a  country  that  is  watered  weil.  It  is  a  re- 
markable tact  that  Ihe  countries  in  the  eitra-tropical  regions  of 
the  north  that  are  situated  to  the  north-east  of  the  Boatfarcart 
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trade-winds  of  South  Africa  and  America — that  these  countriM, 
orer  which  theory  makes  theee  winds  to  blow,  include  all  the    I 
great  deserta  of  Asia,  and  the  districts  of  least  precipitation  in    | 
Europe.     A  line  from  the  Galapagna  Islands  through  Florence  ii 
Italy,  another  from  the  mouth  of  the  Amazon  tirough  Aleppo  h 
Holy  Land  (Plate  VII.),  would,  after  passing  the  tropic  of  Cancer, 
mark  upon  the  surface  of  the  earth  the  route  of  these  winds ; 
this  is  that  "  lee  country  "  (S  298)  which,  if  such  be  the  syBteni  ■' 
of  atmospherical  circulation,  ought  to  bo  scantily  supplied  with  ( 
raiDH.     Now  the  hyetographic  map   of  Europe,  in  Johnstou'B 
beautiful  Phytiail  Atlas,  places  the  region  of  least  precipitation 
between  these  two  lines  (Plate  Vil.). 

542.  Selaytfor  gupplgiitg  them  mth  vapour  by  the  way.— It  would 
seem  that  Nature,  as  if  to  reclaim  this  "  lee "  land  from  the 
desert,  bod  stationed  by  the  wayside  of  these  winds  a,  suoceseion 
of  inland  seas  to  serfe  theia  as  relays  for  supplying  them  with 
moistnre.     There  is  the  Mediterranean,  with  its  aims,  the  Caspian 
Sea  and  the  Sea  of  Aral,  all  of  which  are  situated  exactly  in  this    ! 
direotioQ,  as  though  these  sbects  of  water  were  designed,  in  the  1 
gnnd  system  of  aqueous  arrangements,  to  supply  with   fresb 
■npour  winds  that  had  alieudy  lett  rain  enough  behind  them  to  I 
A  Amazon  and  an  Orinoco  of.     Now  that  there  baa  been    | 
ich  an  elevation  of  land  out  of  tbe  water,  wo  infer  from  the  fact    i 
^t  the  Andes  were  once  covered  by  the  sea.  for  their  tops  are 
K'BOW  crowned  witli  llie  remains  of  marine  animals.     \\  hen  they 
And  their  continent  wet«  submerged — aJmitting  that  Europe  in 
L  l^neral  onlline  was  then  as  it  now  is— it  cannot  be  tiuppoeed,  if 
I  the  circulation  of  vapour  wore  titen  such  as  it  is  supposed  now  to  I 
L  1w,  that  the  climates  of  that  part  of  tbe  Old  World  which  is  under  j 
~  3  lee  of  those  mountains  were  then  as  scantily  supplied  with  1 
ta  they  now  are.   When  the  sea  covered  South  America,  1 
Barly  all  the  vapour  which  ia   now  precipitated    upon  the  1 
mazontan  water-shed  was  conveyed  thence  by  tbe  winds,  and  1 
ributed,  it  may  be  supposed,  among   the  countries  situated  ] 
g  the  route  (Plata  VII.)  ascribed  to  tiiem. 
\  MS.  Adjadmentt  in  this   hi/i/rometry  of  Catpiaiu. — If  ever  the  j 
1  Sea  exposed  a  lai^er  surface  for  evaporation  than  it  j 
ws — and   no   doubt   it  didt    if  the  precipitation    in   that  \ 
F*alley  ever  exceeded  the  evaporation  from  it,  as  it  doe 
I-  vaUeys  drained   into   the   open  sea,  then  there   must  have  been  I 
KB  change  of  hygrometrical  conditions  there.     And  admitting  the  \ 
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vapour-springs  for  that  valley  to  be  situat«i  in  the  direction 
snpposed,  the  rising  up  of  a  continent  from  the  bottom  of  the  aea, 
ov  the  upheaval  of  a  ruiiye  of  mountaiaa  id  certain  parts  of 
America,  Africa,  or  Spain,  across  the  route  of  the  winds  which 
brought  the  rain  for  the  Caspian  water-Fibed,  might  have  hviea 
Buffioient  to  rob  them  of  the  moisture  which  tioy  were  wont  to 
carry  away  and  precipitate  upon  this  great  inland  basin.  See 
how  the  Andes  have  made  Atacamn  a  desert,  and  gf  VVaatem 
Fern  a  rainless  oounlj-y :  these  regions  have  been  made  raitilesB 
simply  by  the  rising  up  of  a  mountjiin  range  between  them 
the  vapour-springs  in  the  ocean  which  feed  witli  moisture; 
vrinds  ibat  blow  over  those  now  raiulens  regions. 

544.  Cmtntrie*  in  the  tetHperaie  nme  of  OtU  liemisphere  thai' 
under  the  lee  of  land  in  the  tTode-tcind  region*  of  Ihe  olk«r  are 
countries. — That  part  of  Asia,  then,  which  is  tmder  the  lee 
soulliem  trade-wind  Africa,  lies  to  the  nortii  of  the  tivpio  of 
Cancer,  and  between  two  lines,  the  one  pastiing  through  Cape 
Palmas  and  Medina,  the  other  through  Aden  and  Delhi.  Being 
extended  to  the  equator,  they  will  include  that  part  of  it  which 
is  crossed  by  the  continental  south-east  trade-winds  of  Africa 
after  they  have  traversed  the  greatest  extent  of  land  surface 
(Plate  VII.).  The  range  which  lies  between  the  two  lines 
which  represent  the  course  of  the  American  winds  with  their 
vapours,  and  the  two  lines  which  re-preaent  the  course  of  the 
Airican  winds  with  their  vapours,  is  the  range  which  is  niid«r 
the  lee  of  winds  that  have,  for  the  most  part,  tiitversed  water 
surface  or  the  ocean  in  their  circuit  &e  sonth-oast  trado-wiodii. 
But  a  bare  iuspection  of  Plate  VII.  will  show  that  the  south-eiet 
trade-winds  which  cross  the  equator  between  longitude  IH" 
and  50°  west,  and  which  are  tupposed  to  blow  over  into  tUs 
aemisphere  hetween  these  two  ranges,  Irnve  traversed  land 
as  v(ell  as  water;  and  the  Trade-wind  Chart*  shows  that  it 
is  precisely  those  winds  which,  in  the  summer  and  fall,  are 
converted  into  south-west  monsoons  for  supplying  the  whole 
extent  of  Guinea  with  rains  to  make  rivers  of.  Those  winds, 
therefore,  it  would  seem,  leave  much  of  their  moistiu'u  behind 
them,  and  pass  along  to  their  channels  in  the  grand  system 
of  circulation,  for  the  most  part,  as  dry  winds.  Moieo»or,  it 
is  not  Io  be  supposed  that  ilie  channels  through  which  Ihe  wiuda 
blow  that  cnws  the  eqnator  at  the  several  places  named  are 
•  Botiea  of  Mduij's  WitiJ  unit  Currenl  Cliartii.  ^^^ 


^to  aliorply  defined  in  nature  as  tiio  liue«  su^esled,  or  as  I'luta 
VIL  wonld  represent  theia  to  be. 

545.  Their  gitualion,  and  the  ratuje  of  dry  wind*.— The  whole 

K^ion  Df  the  extra- tropical  Old   World  that  is  included  within 

'  the  ranges  marked  is  the  region  which  hsis  most  land  to  windward 

I  .tf  it  iu  the  Bouthem  hemisphere.     Nuw  it  ia  a  oiirious  coinddsnee, 

it  leant,  that  all  the  great  extra- tropical  deserts  of  llie  earlh,  with 

e  r«gionB  in  Europe  and  Asia  which  have  the  least  luuonnt 

[  precipitation  upon  them,  should  lie  within  this  range.     That 

Bitqated  under  the  lee   of  the  fioulhem  continontti, 

i  but  little  rain,  may  be  a  coincidence,  I  admit ;  but 

«  deserta  of  the  Old  World  are  placed  where  thejr  aro 

ivno  coincidence — no  accident :  they  are  placed  where  thej  are, 

I  thoj  are,  by  design;  and  in  being  so  placed,    it  was 

mded  that  they  should  subserve  some  grand  pnrpoKe  in  the 

Mtxial  economy.     Let  ns  see,  therefore,  if  we  can  discover 

y  other  marks  of  that  design— any  of  the  purpdscs  to  be  sub- 

rvcd  by    such    on    arrangement — and    trace  any  connection 

a  that  arrangement  and  the  supposition  which  I  maintain 

)  the  place  where  the  winds  (hat  blow  over  these  rcgiona 

r  vupoura.     It  will  be  remarked  at  once  that  all  the 

wd  aeaa  of  Asia,  and  all  thoae  of  Kurope  except  the  semi- 

h'Water  giilts  of  the  north,   are  within   this   range.     The 

ratan  Golf  and  the  Hcd  Sea,  the  Mediterranean,  the  Black, 

1  the  Caspian,  all  fall  within  it.     And  why  are  they  planted 

Why  are  they  arrang'ed  to  the  north-east  and  south-west 

idw  this  lee,  and  in  the  very  direction  in  which  theory  makes 

a  breadth  of  thirsty  winds  to  prevail?    Clearly  and  obvioualy, 

no  of  the  purposes  in  the  divine  economy  was,  that  they  might 

nplenish  with  vapour  the  winds  that  are  almost   vapourteffi 

1  they  arrive  at  these   regions  in   the  general   system  of 

liroulation.     And  why  should  these  winds  be  almost  vapourless? 

~liey  are  almost  vapourlees  bccauee  their  route,  in  the  general 

circulation,  is  auch,  that  they  are  not  brought  into 

intact  with  a  water-auriace  from  which  the  needful  supplies  of 

jionr  ure  tu  be  had ;  or,  being  obtained,   the  eiipplios  have 

lace  been  taken  away  by  the  cool  tops  of  mountain  ranges  over 

hi  oh  theae  winds  have  had  to  pass, 

^'546.  3^0  Mediterranean  tcithin  il.~~Ja  the  Mediterranean,   ihe 

nporation  it  greater  than  the  precipitation.     L'pon  the    Red 

a  there  never  falls  a  drop  of  rain ;  it  is  all  evaporation.     Are 
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we  not,  fherefore,  entitled  to  regard  the  Bed  Sea  as  a  laake- 
weight,  thrown  in  to  regulale  the  proportion  of  cloud  and  eaa- 
shine,  and  to  diepenee  rain  to  certain  parts  ot  the  earth  in  due 
Heason  and  in  proper  quantities  ?  Have  we  not,  in  theeo  two  facts, 
evidence  conclusive  that  the  wiDde  which  blow  over  thoee  two 
seas  come,  for  the  most  part,  from  a  dry  country — from  r^ous 
which  contain  few  or  no  pools  to  furcish  supplies  of  vapour? 

547.  Meavy  eraporatum. — Indeed,  so  scantily  supplied  with 
vapour  are  the  winds  which  paes  in  the  general  channels  of 
clroulation  over  the  water-shed  and  sea-basin  of  the  Mediter- 
ranean, that  they  take  up  there  more  water  as  vapour  than  they 
dcpoeit  as  rain.  But,  throwing  out  of  the  question  what  is 
taken  np  from  the  surface  of  the  Hoditorrancan  itsdf,  these 
winds  deposit  more  water  upon  the  water-fihed  whose  drainage 
leads  into  the  se%  than  they  take  up  from  it  again.  Ilie  oscces 
is  to  be  fouod  in  the  rivers  which  dischai^e  thcmBelves  into  the 
Mediterranean  ;  but  so  thirsty  are  the  wiudH  which  blow  across 
the  bosom  of  that  sea,  that  they  not  only  take  up  agiiiu  all  the 
water  that  those  rivers  pour  into  it,  but  they  are  supposed 
by  philosophers  tu  create  »  demand  for  an  immense  irurrent 
from  the  Atlantic  to  supply  the  waste.  It  is  estimated  tluit 
three*  times  as  much  water  as  the  Mediterranean  receives  from 
its  rivers  is  evaporated  from  its  surface,  litis  may  be  an  over- 
estimate, but  the  fact  that  evaporation  from  it  is  in  excess  of  the 
precipitation,  is  made  obvious  by  the  current  which  the  Atlantic 
sends  into  it  through  the  Htraits  of  Gibraltar;  and  the  difierence, 
we  may  rest  assured,  whether  it  he  much  or  little,  is  carried  off 
to  modify  climate  elsewhere— to  refresh  with  showcra  and  make 
fruitful  some  other  parts  of  the  earth. 

548.  The  windi  thai  r/ioe  raint  to  Siberian  riverg  liave  to  crou  llu 
itrjipeg  of  Aaia.—The  great  inland  basin  of  Asia,  which  contains 
the  Sea  of  Aial  and  the  Caspian,  is  situated  on  the  route  whioh 
this  hypothesis  requires  these  thirsty  winds  from  south-east 
trade-wind  Africa  and  America  to  take  ;  and  so  bcaut  of  vapour 
are  these  winds  when  they  arrive  in  this  basin,  that  they  havQ 
no  moisture  to  leave  behind ;  just  as  much  as  they  pour  down 
they  take  up  again  and  carry  off.  We  know  (§  267}  that  the 
volume  of  water  returned  by  the  rivers,  the  rains,  and  lhe  dews, 
into  the  whole  ocean,  is  exactly  equal  to  the  volume  wbioK 
the  whole  ooeao  gives  back  to  the    atmosphere  ;  as 

•  ViiU  wtblo  "Physical  GoKeTniilij,"  EncydojnBiia  Britni 
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Siowledge  e^ttendB,  the  level  of  each  of  these  two  seas  is  an 
I  JwriDuneiit  as  thtt  of  the  great   ocean   itself.     Therefore,   the 
Tolmne  of  water  disoharged  by  rivers,  the  rains,  and  the  dews, 
into  these  two  seas,  is  exactly  equal  to  the  vulnme  which  these 
two  eoas  give  buck  as  vapour  to  the  atmosphere.     Thetie  winds, 
therefore,  do  not  begin  ijcmianently  to  lay  down  their  load  of 
moisture,   be   it   great  or   small,    until   they  cross   tho    OunJ 
Mountains.     On  the  aleppes  of  lasam,  after  they  have  snpplied 
the  Amazon  and  the  other  great  equatorial  rivers  of  the  sonth. 
we  find  ihem  first  beginning  to  lay  down  more  moisture  than 
they  take  up  again.     In  the  Obi,  the  Yenesi,  and  the  Lena  is  to 
be  found  the  volume  that  indicates  the  load  of  water  which  these 
winds  have  brought  from  the  southern  hemisphere,  from  the 
Mediterranean,  and  the   Red  Sea;  for  in   these  almost  hyper- 
borean river-basins  do  we    find    the    first   instance   in   which, 
throughout  the  entire  range  assigned  these  winds,  they  have, 
after  supplying  the  Amazon,  etc.,  left  more  water  behind  them 
than  they  have  taken   up   again    and   carried  off.     The   low 
temperatures  of  Siberian  Asia  are  quite  snfficient  to  extract  from 
lliese  winds  the  remtiunts  uf  vapour  which  the  cool  mounlain-tops 
and  mighty  rivers  of  the  southern  hemisphere  have  loft  in  them. 
MO.  Boa  climates  in  one  hinaisph«rc  dfjienit  upon  the  arrangement 
tf  land  in  the  other,  and  upon  the  coarse  of  the  teirtds.' — Here  I  may 
be  permitted  to  pause,    that  I   may   call  attention   to   anothnr 
remarkable  coincidence,  and  admire  the  marks  of  design,  the 
beantiftil  and  exquisite  adjiistmenta  that  we  here  see  provided, 
to  insure  the  perfect  workings  of  the  great  aqueous  and  almo* 
I  spherical  macliiue.     This  coincidence — may  I  not  coll  it  cause 
I  doid  effect? — is  between  the  hygrometrical  conditions  of  all  tha 
I  muntries  within,  and  the  hygrometrical  conditions  of  all  the 
l.aonntries  without,  the  range  included  within  the  iines  which  I 
lluve  drawn  (I'lute  VII,)  to  represent  the  route  in  the  northern 
I  hemisphere  of  the  south-east  trade-winds  after  they  have  blown    > 
^fiteir  course  over  the  land  in  South  Africa  and  America.     Both 
It  the  right  and  left  of  this  range  are  countries  included  between 
esame  parallels  in  which  it  is,  yet  these  countries  all  rt^ceive 
lore  water  from  the  atmosphere  than  they  give  back   to  it 
;  they  ail  have  rivers  running  into  the  sea.     On  the  one 
hand,  there  is  in  Europe  the  Khine,  the  Klbo,  ami  all  the  great 
rivers  that  empty  into  the  Atlantic ;  on  the  other  hand,  there 
are  in  Asia  the  Ganges,  and  all  the  great  Chinese  rivers ;  and  in 
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North  America,  in  tLo  latitude  of  the  Caspian  Sea,  is  our  gratt 
flyatem  of  fresh-water  lakes;  all  of  these  receive  from  the 
atmoepherc  immense  volumes  of  water,  and  puur  it  book  into 
the  Bea  in  streame  the  moat  majestic.  It  ie  remarkable  that  none 
of  these  copiously-Bupplied  watersheds  have  to  the  s<:iuth-weet 
of  them,  in  the  trade-wind  regions  of  the  BOBlhem  hemisphere, 
any  cotisiderablo  btidy  of  land  ;  they  are,  all  of  thfm,  under  the 
lee  of  evaporating  turfaces  iu  the  trade-wind  regions  of  the 
south.  Only  tlioso  countries  in  the  exti-a- tropical  north  which 
I  have  described  as  lying  under  the  lee  of  trade-wind  S^nth 
America  and  Africa  are  scantily  supplied  with  raina.  Pray 
examine  I'late  Vlt.  in  this  connection.  It  tends  to  confirm  the 
views  taken  in  Chapter  VEI.  The  surface  of  tho  Caspian  Sea  is 
about  equal  to  that  of  our  lakes ;  in  it,  evaporation  is  jnst  equal 
to  the  precipitation.  Our  lakes  are  between  the  same  pai'aUels, 
and  about  the  same  distance  from  the  western  coast  of  America 
that  the  Caepian  Sea  is  from  Ihe  western  c<>ast  of  Europe;  and 
yet  tho  wafers  discharged  by  the  St.  Lawrence  give  ua  an  idea  of 
how  g;reatly  the  precipitation  upon  its  hydrographic  basin  is  in 
excess  of  the  evaporation.  To  windward  of  the  lakes,  and  in  tlie 
trade-wind  regions  of  the  southern  hcmihphere,  is  no  land ;  bnt 
to  windward  of  the  Caapion  Sea,  and  in  the  trade-wind  r^ion  of 
the  southern  hemiaphero,  there  is  land.  Therefore,  supposing 
the  courne  of  the  vapour-distributing  winds  to  be  snth  as  I 
maintain  it  to  bo.  ought  they  not  to  carry  more  water  from 
the  ocean  to  the  American  lakes  than  it  it  possible  for  them 
to  carry  from  the  land — from  tho  interior  of  South  Africa  and 
America— to  the  valley  of  the  i.'aspian  Sea  ?  In  like  manner 
(8  ;i6ii),  extru-tropical  New  Holland  and  South  Africa  have  each 
land— not  water — to  lie  windward  of  them  in  the  trade-wind 
regions  of  the  northern  hemiisphere,  where,  according  to  this 
hypothesis,  the  vapour  for  their  rains  ought  to  be  taken  up; 
they  are  both  countries  of  little  rain  ;  but  extra-tropical  Souih 
America  has,  in  the  trade-wind  region  to  windward  of  it  in  the 
northern  hemisphere,  a  groat  extent  of  ocean,  and  the  amount 
of  precipitation  ($  299)  in  extra-tropical  South  America  is 
wonderfuL  Tho  coincidence,  therefore,  is  remarksble,  that  the 
cotmtrieH  in  the  extra-tropical  regions  of  this  hemisphere,  which 
lie  to  the  north-east  of  large  districts  of  land  in  the  trude-wind 
regions  of  the  other  hemisphere,  should  be  scantily  supplieil  with 
rains  i  and  likewise  that  those  so  situated  iu  the  «xtia-tn)^ 


NCTf    OP    THB    WIKDS.  299    \ 

btnUi.  with  reganl  to  latiil  in  the  trade-winil  rugion  of  the  north, 

mid  also  bo  ficantily  supplied  with  ntini*. 

1  550,  Terratrial  adaptalioiu. — Having  tknu  remarked  iipou  Ihera 

'  coincidences,   let  us   contemplate  the   beautiful   haraiony 

ii»ptayed  in  the  arrangement  of  the  land  and  water,  as  we  find 

'     a  along  this  oonjeutiiral  "wind-road."  (I'late  VII.)    Those 

p^ho  admit  design  in  terrestrial  adaptations,  or  who  have  studied 

the  economy  of  oosmical  arrangements,  will  not  bo  loth  to  grant 

tiiat  by  de§ign  the  atmosphere  keeps   in  circulation   a  certaia 

amount  of  moisture  i   that  the  water  of  which  this  moisture  it 

Dade  is  supplied  by  the  HqiieuuB  surfuce  of  the  earth,  rmd  that  it 

■  to  be  returned  to  the  seas  again  through  rivers  and  tbe  process 

if  precipitation  ;  for  were  it  not  bo,  there  would  bo  a  permanent 

Increeoo  or  decrease  of  (lie  quantity  of  water  thus  put  and  kepi  in 

1  by  the  winds,  which  would  be  followed  by  a  cor- 

mding  change  of  hygrometrical  conditions,  which,  in  turn, 

jvDuld  draw  after  it  punnanent  changes  of  climate ;    and  per> 

Qianent  chiinges  of  climate  wnuld  iuvolve  the  ultimate  well-being 

|f  myriads  uf  organisms,  both  in  the  vc^table  and  animal  king- 

The  quantity  of  moisture  that  the  atmosphere  keeps  in 

lircnlation  is.  no  doubt,  just  that  quantity  which  is  best  suited 

p  the  well-being,  and  most  adapted  to  the  proper  development  of 

vegetable  and  animal  kingdoms ;   and  that  -quantity  is  de- 

mdent  upon  tbe  arrangement  nnd  the  proportions  that  we  see 

D  nature  between  the  land  and  the  water — between  mountain 

d  desert,  river  and  sea.     If  the  seas  and  evaporating  surfaces 

Were  changed,  and  removed  huta  the  places  they  occupy  to  other 

'plnces,  the  principal  places. of  precipitation  probably  would  nlao 

"  :   whole  families  of  plants  would  wither  and  die  for 

l^ant  of  cloud  and  sunshiuu,  dry  and  wet,  in  proper  proportions 

md  in  due  season :  and.  with  the  blight  of  plants,  whole  tribe* 

f  animals  would  also  perish.      Under  ettch  a  chance  annnge- 

a  would  no  longer  be  able  to  rely  upon  the  early  and 

e  latter  rain,  or  to  count  with  certainty  upon  the  niins  being 

n  due  tjeason  for  seed-time  and  liarvest.     And  that  the  tain 

rill  be  sent  in  due  season  we  are  assured  from  on  high ;   und 

■  when  we  recollect  who  it  is  that  "  sendeth  "  it.  we  feel  the 

>  SDQviotion  strong  within  ub,  that  He  who  sendetli  the  ruin  has  the 

winds  for  hi»  mexsengers :  and  tliat  they  may  do  his  bidding, 

land  and  the  «ea  were  arranged,  both  as  to  position  and  relativi 

pn^Ktrtiime  where  they  are,  and  as  they  are. 


elativf^^^H 
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551.  21e  Bed  Sea  and  iU  tapourt. — It  should  bo  borne  in  miod 
that,  by  tlija  hypothesis,  the  Bouth-eaat  trade-wiuds,  after  tiey 
rise  up  at  the  equuter  (Plate  1.),  have  to  ovoileap  the  north-eaat 
trade-winds.  Coneequentiy,  they  do  not  touch  the  earth  until 
nearthe  tropic  of  Cancer  (see  the  hearded  arrows,  Plate  Vll.l, 
more  frequently  10  the  north  than  to  the  south  of  it ;  but  for  a 
part  of  every  year,  the  place  where  these  vaulting  aoulh-eaet 
trades  first  strike  the  earth,  after  leaving  the  other  hemisphere, 
is  very  near  this  tropic.  On  the  equatorial  side  of  it,  be  it 
remembered,  the  north-east  ti-ade-winda  blow ;  on  the  polar  side, 
what  were  the  south-east  trades,  and  what  are  now  the  prevailing 
south-westei'ly  winds  of  oar  hemisphere,  prevail,  Now  examine 
Plate  VII.,  and  it  will  be  seen  that  the  upper  half  of  the  Bed  Sea 
is  north  of  the  tropic  of  Cancer  ;  the  lower  half  is  to  the  south  of 
it;  that  the  lutfer  is  within  the  north-east  trade-wind  region; 
the  former,  in  the  region  where  the  south-west  passage  wind^  are 
the  prevailing  winds.  The  River  Tigrin  is  probably  evaporated 
from  the  upper  half  of  this  sea  by  these  winds  ;  while  the  nortli- 
east  trade-winds  take  up  from  the  lower  half  those  vapours  which 
feed  the  Nile  with  rain,  and  which  the  clouds  deliver  to  the  cold 
demands  of  the  Mountains  of  lie  Moon.  Thus  there  are  two 
"wind-roads"  crosBing  this  sea:  to  the  windward  of  it,  each 
road  runs  through  a  rainless  region  ;  to  the  leeward  there  is,  in 
eaob  case,  a  river  rained  down.  The  Persian  Gulf  lies,  for  the 
most  part,  in  the  track  of  the  south-west  winds  ;  to  the  windward 
of  t)ie  Persian  Gnlf  is  a  desert ;  to  the  leeward,  the  Kiver  Indus. 
This  is  the  route  by  which  theory  would  require  the  vapour  from 
the  S«d  Sea  and  I'ersian  Gulf  to  be  conveyed,  and  this  is  the 
direoticQ  in  which  we  find  indications  that  it  is  convoyed.  For 
to  leeward  do  we  &nd,  in  each  caee.  a  river,  telling  to  us,  by 
eigne  not  to  he  mistaken,  that  it  receives  more  water  &om  the 
clonda  than  it  gives  back  to  the  winds. 

552.  Certain  leaa  and  deterts  cmaidered  ai  eo«tiferpot>c»  in  Ihe 
Urratrial  maehmery. — Is  it  not  a  curious  circumstance,  that  the 
winds  which  travel  the  road  suggestod  from  the  southom  hemi- 
sphere should,  when  they  touch  the  earth  on  the  polar  side  of 
the  tropio  of  l.'ancor,  be  so  thirsty,  more  thirsty,  mtith  more,  Uian 
those  which  travel  on  either  side  of  their  path,  and  which  are 
supposed  to  have  come  from  southern  seas,  not  fiom  southeru 
lauds?  The  Mediterranean  has  to  give  those  winds  three  timet 
3  it  receives  from  them  (S  547j  [  the  Red 
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gives  thom  as  much  as  they  can  take,  and  receives  Dothisg  back 
in  return  but  a  little  dew  (S  376)  ;  the  Persian  Gulf  also  gives 
more  than  it  receives.  What  becomes  of  the  rest?  Doubtless  it 
is  given  to  the  win^s,  that  they  may  bear  it  off  to  distant  regions, 
and  make  Innds  fruitful,  that  but  for  these  sources  of  sujiply 
would  be  almost  rainless,  if  not  entirely  arid,  waste,  and  barren. 
Thtee  seas  and  arms  of  the  ocean  now  present  theraHelves  to  the 
miud  as  coimlerpoises  in  the  great  bygrometrical  maubiuery  of 
our  planet. — As  sheets  of  water  plitced  where  they  are  to  balanoft^ 
the  land  in  the  trade-wind  region  of  South  America  and  South 
Africa,  they  now  present  tbemselves.  When  the  foundations  of' 
the  earth  were  laid,  the  Great  Architect  "  measured  the  waters 
in  the  hollow  of  his  hand,  and  muted  out  the  heavens  with  a  span, 
and  comprehended  the  dust  of  the  earth  in  a  measure,  and 
weighed  the  moiiutaius  in  scales,  and  the  bills  in  a  balance ;" 
and  hence  we  know  that  they  are  arranged  both  according  to 
proportion  and  to  place.  Here,  then,  we  see  harmony  in  the 
winds,  design  in  llie  muuntains,  order  in  the  sea,  arrangement  for 
the  dust,  and  form  for  the  det-ert.  Here  are  signs  of  beauty  and 
works  of  grandeur ;  and  we  may  now  fancy  that,  in  this  exquisite 
system  of  adaptations  and  compensations,  we  can  almost  behold, 
in  the  lied  and  Mediterranean  Se.is,  the  very  waters  that  wera  i 
held  in  tbe  hollow  of  the  Almighty  hand  when  He  weighed  the 
Andes  and  balanced  the  hills  of  Africa  in  the  comprehensive 
scales.  In  that  great  inland  basin  of  Ahia  which  holds  the 
Caspian  Sea,  and  embraces  an  area  of  one  million  and  a  half  of 
geographical  square  miles,  we  see  the  water-surface  so  exquisitely 
adjnated,  that  it  is  just  sofBcient,  and  no  more,  to  return  to  the 
■  fttmosphcre  as  vapour  exactly  as  much  moisture  as  the  atmosphere 
I  lends  in  rain  to  the  rivets  of  that  basin — a  beautiful  illuslrntion  of 
'  the  fact  that  the  span  of  the  heavens  was  meted  out  according  to 
I  ihe  measure  of  the  waters.  Thus  wo  are  entitled  to  regard 
'  (9  642)  tbe  Mediterranean,  the  ^ed  Sea,  and  Persian  Gulf  as 
L  relays,  distributed  along  the  route  of  these  thirsty  winds  Irom 
I  continents  of  the  other  bemii^phere,  to  supply  them  with 
npours,  or  to  restore  to  them  that  whieh  they  have  left  behind 
o  feed  the  sources  of  the  Amazon,  (be  Tdiger,  and  Ihe  Congo. 

I  mtpparUd  by  faeli. — The   hypothesis   that  the 

I  winds  frum  South  Africa  and  America  do  take  tiio  course  through 

Europe  and  Asia  which  1  have  marked  out  for  them  (I'late  VJl.), 

'l  supported  by  so  many  coincideooes,  to  say  the  least,  that  wo 
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are  entitled  to  regard  it  aa  probably  correct,  until  a  train  of 
eoincidencefl  at  least  as  etriking  can  be  adduced  to  show  tbat  such 
is  not  the  case.  lietuming  u&ce  mure  lo  a  coneidcration  of  the 
geological  agency  of  the  winds  in  acconnting  for  the  depression 
of  the  Dead  Sea,  we  now  see  the  fact  palpably  brought  out  before 
ns,  that  if  the  Straits  of  Gibraltar  were  to  be  barred  up,  so  that 
no  water  could  paes  through  them,  we  should  have  a  great 
depression  of  water-level  in  the  Mediterranean.  Three  times  as 
much  water  (J  547)  is  evaporated  from  that  sea  as  is  returned  to 
it  through  the  rivers.  A  portion  of  water  evaporated  from  it  ie 
probably  rained  down  and  telunied  to  it  through  the  rivers :  hut, 
supposing  it  to  be  barred  up  :  as  the  demand  u[<on  it  for  vapour 
would  exceed  the  supply  by  rains  and  rivers,  it  would  commenoo 
to  dry  up;  as  it  sinks  down,  the  area  exposed  for  evaporation 
would  decrease,  and  the  supplies  to  the  rivers  would  iliminish, 
until  finally  there  would  be  eelablished  between  the  evaporation 
and  preoipifation  an  equilibrium,  as  iu  the  Dead  and  L'aspian 
Seas,  But,  for  aught  we  know,  the  water-level  of  the  Mediter- 
rancun  might,  before  this  equilibrium  wore  attained,  have  ta 
reauh  a  stage  far  below  that  of  the  Dead  Sea  level,  The  tiake 
Tudjura  is  now  in  the  act  of  attaining  ench  an  equilibrium. 
There  are  connected  with  it  the  remains  of  a  channel  by  which 
the  water  ran  into  the  sea :  but  the  surface  of  the  lake  is  now 
five  hundred  feet  below  tho  sea-level,  and  it  is  salting  up.  If 
not  in  the  Dead  Sea,  do  wo  not.  in  tlio  valley  of  this  lake,  find 
outcropping  some  reason  fur  tho  question,  What  have  the  winds 
had  to  do  with  the  phenomena  before  Us? 

5.'>4.  How,  by  the  muiI*,  the  age  of  certain  geoloffieal  phenotnfna  i'h 
Mir  heniigphore  may  be  armpared  teilh  the  age  of  thtue  tn  the  other, — 
The  winds,  in  this  sense,  are  geological  agents  of  great  power. 
It  is  not  impossible  hut  that  they  may  afford  us  tho  moans  of 
comparing,  directly,  geological  events  which  have  taken  place  id 
one  hemisphere,  with  geological  events  in  another:  e.g..  the  tops 
of  the  Andes  were  once  at  the  bottom  of  the  sea. — \\'hich  ie  the 
oldest  formation,  that  of  the  Dead  Sea  or  the  Audes?  If  the 
former  bo  the  older,  then  the  climate  of  the  Dead  Sea  most 
liBvo  been  hygrometrically  very  different  from  what  it  now  is. 
In  regarding  the  winds  as  geological  agents,  we  can  no  longer 
consider  them  as  the  type  of  instability.  We  should  rather  tw«t 
them  in  the  light  of  ancient  and  faithful  ehroniolers.  which,  upon 
being  rightly  consulted,  will  reveal  to  um  trullis  that  Nature  has 
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any  witli  which  she  has  e 
events  upon  the  tftbttit  of  the  rock, 

o55.  TheAitdes  older  than  (fee  Dead  Sea  a*  an  inland  icater. — The 
waters  of  Lake  Titicaca,  which  reueivee  the  drainogn  of  the  great  I 
inland  basin  of  the  Andes,  are  only  brackish,  not  salt.     Henus  I 
we  may  infer  that  this  lake  has  not  been  standing  long  enough  [ 
to  become  briny,  like  the  waters  of  tlie  Dead  Sea  ;  consequently,  I 
it  belong^to  a  more  recent  period.     On  the  other  hand,  it  will  I 
also  be  interesting  to  bear  that  my  Mend  Captain  Lynch  informs 
me  tliat,  in  his  exploration  of  the  Dead  Sea,  bo  saw  what  he  took 
to  be  the  dry  bed  uf  a  river  that  once  flowed  from  it.     And  thus 
we  hnve  two  loore  links,  stout  and  strong,  to  add  to  the  chain  of 
circuiastantial  evidence  going  to  sustain  the  testimony  of  this 
Rtrange  and  fickle  witness  which  1  have  called  up  from  the  sea  to 
testify  in  this  presence  concerning  the  works  of  Nature,  and  to 
tell  us  whic;U  be  the  older — the  Andes,  wutching  the  stars  v 
their  hoaty  beads,  or  the  Dead  Sea,  sleeping  upon  its  ancient  beds 
of  oiystol  salt. 


CnAPTER  XIII. 

§  560-675. — THE  DEPTHS  OF  THE  OCKAS. 

660.  St^marine  scenery. — "  We  dive,"  says  Schleiden,*  "  into  the 
liquid  crystal  uf  the  Indian  Ocean,  and  it  opens  to  us  the  most 
wondrous  enchautmeuta,  reminding  us  of  I'airj'  tales  in  child' 
hood's  dreams.  The  strangely  brjuching  thickets  bear  living 
fiowers.  Dense  masses  of  nieaodrinas  and  astneoe  contrast  with 
the  leafy,  cup-shaped  expansions  of  the  esplanarie6.theTariousIy- 
romiiied  Madrepores,  which  are  now  s{>read  out  like  fingers,  now 
rise  in  trunk-like  branches,  and  now  display  the  most  elegant 
array  of  interlacing  branches.  The  colouring  surpasses  every- 
thing :  vivid  green  alternates  with  brown  or  yellow ;  rich  tinte 
'  of  purple,  from  pale  red-brown  to  the  deepest  hhie.  Brilliant 
way,  y«llow,  or  peiich-colonred  Nullipores  overgrow  the  deuaying 
uaams,  and  are  themselves  interwoven  with  the  peurl-culonred 
platM  of  the  Retipores,  resembling  the  most  duUoule  ivoi% 
carvings.  CTosa  by  wave  the  yellow  and  Ulao  fans,  perfc 
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lite  trellis-work,  of  the  Gorgcmiaa.  The  clear  sand  of  the  bottom 
is  covered  with  the  thouG&nd  strauge  forms  and  tints  of  the  sea- 
urohiiiti  and  Glar-iibhes,  The  leaf-like  fluBtras  oud  eschorae 
adhera  like  mosees  and  lichens  to  the  branches  of  the  eorala ;  the 
yellow,  green,  aud  purple-atriped  limpets  oling  like  motiBtrous 
cochineal  inseotd  upon  their  trunks.  Like  gigantic  cactus- 
blossoms,  sparkling  in  the  most  ardent  colours,  the  sea-anemones 
expand  their  crowns  of  lentaclee  upon  the  broken  rocks,  or  more 
modestly  embellish  the  flat  bottom,  looking  like  beds  of  Variegated 
ranunculuses.  Around  the  blossoms  of  the  coral  shrubs  piny  the 
humming-birds  of  the  ocean,  little  fish  sparkling  with  red  or  blue 
metallic  glitter,  or  gleaming  in  golden  green,  or  in  the  brightest 
silvery  lustre.  Softly,  like  spirits  of  the  deep,  the  delicate  milk- 
white  or  bluish  bells  of  the  jelly-fishes  float  through  this  charmed 
world.  Here  the  gleaming  violet  and  gold-green  Isahelle,  and 
the  flaming  yellow,  black,  and  vermilion-striped  coquette,  chase 
their  prey;  there  the  band-fish  shoots,  snake-like,  through 
the  thicket,  like  a  long  silver  ribbon,  glittering  with  rosy  and 
azure  hues.  Then  come  the  fabulous  cuttle-fishes,  decked  in  all 
the  colours  of  the  rainbow,  but  marked  by  no  definite  outline, 
appearing  and  disappearing,  intercrossing,  joining  company  and 
parting  again,  in  most  fantastic  ways ;  aud  all  Ihis  in  the  meet 
rapid  chnnge,  and  amid  the  most  wonderful  play  of  light  and 
shade,  altered  by  every  breath  of  wind,  and  every  slight  curling 
of  the  Eiirfaco  of  the  ocean.  \Vhen  day  declines,  und  the  shades 
of  night  lay  hold  upon  the  deep,  this  fantastic  garden  is  lighted 
up  in  new  splendour.  Millions  of  glowing  sparks,  little  inicro' 
seopic  medusas  and  crustaceans,  dance  like  glow-worms  through 
ihe  gloom.  The  deo-feather,  which  by  daylight  is  vermilion- 
ooloared,  waves  in  a  greenish,  pbospboroscent  light.  Every 
corner  of  it  is  lustmna.  Parts  which  by  day  were  perhaps  dull 
Mid  brown,  and  retreated  from  the  sight  amid  the  universal 
brilliancy  of  colour,  are  now  radiant  in  the  most  wonderful  play 
of  green,  yellow,  and  red  light;  and,  to  complete  the  wonders  of 
the  enchanted  night,  the  silver  disk,  six  feet  across,  of  the  moon 
fish,*  moves,  slightly  luminous,  among  the  eloud  of  little  spark- 
ling stars.  The  moat  luxuriant  vegetation  of  a  tropical  Imidsoape 
cannot  unfold  as  great  wealth  of  form,  while  in  the  variety  and 
splendoirr  of  colour  it  would  stand  fai  behind  this  garden  land- 
voape,  which  is  strangely  composed  exolusivuly  of  animals,  and 
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not  of  plants;  for,  characterietio  as  the  luxuriant  dtfrelopment  of 
vegetation  of  the  temperate  zooee  is  of  the  sen  buttuni,  the  fnll- 
neBS  auil  maltiplicitj  of  the  marine  Fauna  \8  just  an  pruuiinent  in 
thu  regions  of  the  tropica.  WTiiitever  is  boautifnl,  wondrous,  or 
uncoiniaon  in  the  grpat  classes  of  finh  and  flchinodeims,  jolly- 
fishes  and  I'olypea,  and  the  Mollusks  of  mU  kiuds.  is  crowded 
into  the  warm  and  crj'Etat  waters  of  the  tiupical  ocean — rests  in 
the  white  sands,  clothes  the  rough  alifTs,  otinga,  where  the  room 
IS  already  oocupied,  like  a  parasite,  upon  the  first  oomera,  or 
swims  through  the  shallows  and  depths  of  the  elements — while 
the  ninss  of  the  vegetation  is  of  a  far  inferior  magnitude.  It  is 
peculiar  in  relation  to  this  that  the  law  valiU  on  land,  according 
to  wliicb  the  animal  kingdom,  being  bettor  adapt«d  to  accommo- 
date iteetf  to  outwfrd  droumstanccs,  has  a  greater  diRnsion  than 
the  vegelahlu  kmgdom — for  the  polar  seas  swarm  with  whales, 
senls,  sea-birds,  fishes,  and  countless  numbers  of  the  lower 
animals,  even  where  every  trace  of  Tegelation  has  long  i-aniahed 
in  the  eternally  froswn  ice,  and  the  eooled  sea  fosters  no  sea- 
weed— that  this  law,  I  say,  holds  good  also  for  the  sea,  in  the 
dircclion  of  its  depth;  for  when  we  descend,  vegetable  life 
vanishes  much  sooner  than  the  animal,  and,  even  from  the  depths 
til  which  no  ray  of  light  is  capable  of  penetrating,  the  sounding- 
lead  brings  up  news  at  least  of  living  infusoria." — Sculuren's 
Lecture*,  p.  403 — 406. 

5t>f,  Iijwmmce  coneeming  the  depth  of  "hUie  leater." — TTntil  the 
commencement  of  the  plan  of  deeji-aea  soundings,  aa  they  have 
been  conducted  in  tJie  American  and  English  navies,  the  bottom 
of  what  the  sailore  call  "  bine  water"  was  as  unknown  to  us  as 
is  the  interior  of  any  of  the  planets  of  our  system.  Koss  and 
Dupetit  'ITionarB.  wiih  other  officer's  of  the  English,  French,  and 
Dutoh  navies,  had  attempted  to  fathom  the  deep  sea,  some  wilh 
eilfc  threads,  some  with  spun-yam  (coarse  hemp  threads  twial«d 
together),  and  some  with  the  common  lead  and  line  of  navigation. 
All  of  tliese  iitlempls  were  miide  upon  the  enpposidon  that  when 
the  lead  reached  the  bottom,  either  a  shock  wonld  be  felt,  or  the 
line,  becoming  slack,  would  cease  to  run  out. 

5ti2.  Early  allcniptii  at  <leep-tra  jwandini/^— unioorfAy  o/relianee. — 
The  aeries  of  systematic  eiperimenle  recently  made  npon  thia 
subject  show  that  there  is  no  reliance  to  be  placed  on  aacb  a  enp- 
poaitJon,  for  the  shook  caused  by  striking  bottom  cannot  be  com- 
icated  through  very  great  depths.     Furthermore,  the  lights 
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of  esperieuce  show  that,  as  a  general  rule,  the  under  currents  of 
the  deep  sen  have  for'^e  enough  to  take  the  Hue  out  long  after  the 
plummet  ban  ceased  to  do  so.  Consequently,  there  ia  hut  little 
reliance  to  be  placed  upondeep-sea  eouiidings  of  former  methods, 
when  the  depths  reported  exceeded  eight  or  ten  thousand  feet, 

h63.  Foti'mu  methodi  tried  orprcpoted. — Attempts  to  fathom  the 
ocean,  both  by  sound  and  jireHsure,  bad  been  made,  but  out  in 
"  blue  water  "  every  trial  was  only  a  failure  repealed.  The  most 
ingenious  and  beautiful  contrivancea  for  deep-sea  soundings  were 
resorted  to.  By  exploding  petarda,  or  ringing  bells  in  the  deep 
sea,  when  the  winds  were  hushed,  and  all  was  tjtill,  the  echo  or 
reverberation  from  the  bottom  might,  it  was  held,  be  heard,  and 
the  depth  determined  from  the  rate  at  which  sound  travels 
through  water.  But,  though  the  conoussion  took  place  many 
feet  below  tfae  surface,  echo  was  silent,  and  no  answer  was  re- 
ceived from  the  bottom.  Ericsson  and  others  constructed  deep- 
sea  leads  having  a  column  of  air  in  them,  which,  by  c<impresBiuu, 
would  ahow  the  aqueous  pressure  to  which  they  might  be  sub- 
jected. This  was  found  to  answer  well  for  ordinary  pnrposeB, 
but  in  the  depths  of  the  sea,  where  the  pressure  would  be  equal 
to  several  hundred  atmospheres,  the  trial  was  more  than  this 
instrument  could  stand,  Mr.  Baur.  an  ingenious  mechanician  of 
New  York,  oonstiiicted,  according  to  a  plan  which  I  furnished 
him,  a  deep-sea  sounding  apparatus.  To  the  lead  was  attached, 
upon  the  principle  of  the  screw  propeller,  a  small  piece  of  clock- 
work for  registering  the  number  of  revolutiouB  made  bylbe  little 
screw  during  the  descent,  ond  it  having  been  ascecb^Kd  by 
exporimont  in  sboal  water  that  the  apparatus,  in  des'oending, 
woald  cause  the  propeller  to  make  one  revolution  fc«  eveiy 
tdlliom  of  perpendicular  descent,  hands  provided  Sdth  (ho  power 
of  self-rc^Htration  were  attached  to  a  dial,  and  tffi  instrument 
was  complete.  It  worked  beautifully  in  modeiate  S'pths.  but 
failed  in  blue  water,  from  the  difficulty  of  hauling  ii.  up  if  ihe 
line  used  were  ismall.  and  from  the  difficulty  of  get^ig  it  down  if 
the  line  used  were  large  enough  to  give  the  requifiitafctrength  for 
hauling  it  up.  An  old  sea-captnin  proposed  a  torjiedtvisuch  as  is 
sometimes  used  in  the  whale  fishery  for  blowing  up  the  moiinlors 
of  the  deep,  only  this  one  was  intended  to  explode  on  t<>uohJng 
the  bottom.  It  was  proposed  first  to  ascertain  bj-  actual  experi- 
ment the  rate  at  which  the  torpedo  would  sink,  and  the  rate  at 
which  the  bound  or  the  gas  would  ascend,  and  ho,  by  liming  tl 
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interval,  to  determine  Iho  depth.  This  plaii  would  affuid  no 
«pccinieaa  of  the  bottom,  and  its  adoption  was  opposed  by  other 
obslaules.  One  geutleman  proposed  to  use  the  magnetic  tclo- 
gmpb.  The  wire  properly  coi»tod,  waa  to  be  laid  tij 
tiouading-lin(>,  and  to  the  plummet  wae  attached  machinery,  i 
contrived  that  on  the  increase  of  every  100  fathoms,  and  by  n 
of  the  additional  pressure  the  circoit  would  be  restored,  n 
what  aft«r  the  manner  of  Dr.  Locke's  electro-chronogmph,  and  a 
m&ssage  would  come  up  to  tell  how  many  buDdred  fathoms  up 
and  down  the  plummet  had  sunk.  Aa  beautifid  as  thin  idea  was, 
it  wits  not  simple  enough  in  practical  appliuation  to  answer  ow  ■ 
purposes. 

5(i+.  Phggical  prMema  more  diJievU  than  that  of  meamriiv/  t 
d«ptk  of  the  tea  have  been  aceompliaked, — Greater  difficulties  th&a  J 
any  presented  by  the  problem  of  deep-sea  soundings  bad  been 
overoomo  in  other  departments  of  physical  research.  These  plans 
and  attempts  served  to  enooui-age,  nor  were  they  fruitless,  tbou^ 
tliay  proved  barren  of  practical  results.     Astronomers  had  msK- 
sured  the  volnmes  anil  weigbed  the  masses  of  the  must  dist&nt  J 
planets,  and  increased  tliereby  the  stock  of  human  knowledga.  j 
Was  it  creditable  to  the  ttga  that  the  depths  of  the  sea  should 
remain  in  the  category  of  an  unsolved  problem?     Its  "ooze  and 
bottom "  was  a  sealed  volume,  rich  with  ancient  and  eloquent 
legends,  and  suggestive  of  many  an  instructive  lesson  that  might 
be  useful  and  profitable  to  man.     The  seal  which  covered  it  n 
of  rolling  waves  many  thousand  feet  in  ihickncss.     Could  it  not  9 
bo  broken  ?     Curiosity  had  always  been  great,  yet  neither  I 
enterprise  nor  the  ingenuity  of  niim  had  as  yet  proved  ilself  equal'l 
to  the  task.     No  one  bad  succeeded  in  penetrating  and  bringing  1 
up  from  beyond  the  depth  of  two  or  three  hundred  fathoms  beJow  1 
the  aqueous  covering  of  Ibe  earth  any  solid  specimens  of  solid  1 
matter  for  the  study  of  philosophers. 

&65.  ITu)  deep-tKt  Mounding  a^ctratut  of  Peter  the  Great. — TIm  I 
hononr  of  the  first  attempt  to  recover  specimens  of  the  bottom  I 
from  great  depths  belongs  to  Peter  the  Great  of  Kussia.  That  1 
remEirkable  man  and  illustrious  monarch  constructed  a  deep-sSA  I 
sounding  apparatus  especially  for  the  Caspian  Sea.  It  was  » 
what  in  the  sliape  of  a  pair  of  ice-books,  and  such  as  are  seen  hi'  | 
tlie  bauds  of  the  "  ice-man,"  as.  in  bis  daily  rounds,  he  lifts  t 
blocks  of  ice  from  bis  carl  in  the  stieet  for  delivery  at  the  d 
It  wa«  so  contrived  that  when  it  touched  the  bottom  the  plui 
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met  wonlil  become  detaohed,  and  the  hook  would  bring  npfl 
speoimeo. 

5(iti.  A  ^n of  deep-tea  untindiitff  dei-Ued /iir  the  American  t 
— The  sea,  with  its  myths,  has  suggested  attractive  themes  to  Jl 
people  i])  nil  ages.  Like  the  heavens,  it  aQ'ords  an  altnnst  endless 
variety  of  suhjeota  for  pleasing  and  profitable  conteinp1alion„aiid 
there  has  rsmained  in  the  human  mind  a  longing  tu  leani  more 
of  its  wonders  and  to  undersUuid  ita  mysteries.  The  Bible  often 
ulludes  to  tbem.  Are  they  past  finding  out?  How  deep  is  it? 
and  what  is  at  the  bottom  of  it?  L'uuld  not  the  ingennily  and 
appliances  of  the  age  throw  some  light  upon  thebe  queBtions? 
The  government  was  hberal  and  enlightened  ;  times  seemed  pro- 
pitious ;  but  when  or  how  to  begin,  after  all  these  failures,  with 
tUiti  interesting  problem,  was  one  of  the  ditficuUies  first  to  be 
■iveruome.  It  wa»  a  common  opinion,  derived  chiefly  from  a 
supposed  phyaitial  relation,  that  the  depths  of  the  sea  are  about 
equal  to  the  heights  of  the  mountains.  But  this  conjecture  was, 
at  best,  only  a  Bpeculalion.  Though  plausible,  it  did  not  satisfy, 
lliere  were,  in  the  depths  of  the  sea,  nntuhl  wonders  and  in- 
explicable mysteries.  Therefore  the  contemplative  mariner,  as 
in  mid-ocean  he  looked  down  upon  its  gentle  bosom,  continued 
to  experience  sentiments  akin  to  those  which  fill  the  mind  of  the 
devout  astronomer  whan,  in  the  stillness  of  the  night,  he  looks 
out  upon  the  stars,  and  wonders,  Nevertheless,  tlie  depths  of  the 
sea  still  remained  as  fathomless  and  as  mystorious  as  the  firma- 
ment above.  Indeed,  telescopes  of  huge  proportions  and  of  vast 
hpaoe-peuetrating  powers  had  been  erected  hero  and  there  by  the 
munificence  of  individuals,  and  attempts  made  with  ihem  to 
gauge  the  heavens  and  aound  out  the  regions  of  space,  t.'ould  it 
be  more  difficult  to  sound  out  the  sea  than  to  gauge  the  blue 
ether  and  fathom  the  vaults  of  the  sky  ?  The  result  of  the  astro- 
nomical undertakings*  lies  in  the  disoavery  that  what,  through 
olbur  inHlmments  of  lesu  power,  appeared  as  cluetors  of  stars, 
were,  hy  these  of  larger  powers,  separated  inla  groups,  and  what 
had  boi/n  reported  as  nebulie,  could  now  be  resolved  into  clusters; 
that  in  certain  directions,  the  abyss  beyond  these  ftunt  objects  is 
decked  with  other  nebulw,  which  these  great  infttruments  may 
bring  to  light  but  cannot  resolve  ;  and  that  there  ore  still  regions 
and  realms  beyond  which  the  rays  of  the  brightest  sun  in  the  sky 
have  neither  the  intensity  nor  the  force  to  reach,  much  less  to 
e  works  of  Hencbvl  utid  Roasc.  and  tbeir  te 
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penetrate.  And  what  U  more,  tlieae  mooeter  instmraents  liav%fl 
revealed  to  nx,  ia  those  diaUnt  regiotie,  fornui  or  Aggregations  of  I 
matter  which  surest  to  some  the  idea  of  the  existence  of  physical  " 
forces  tJiere  tliat  we  do  not  understAnd,  aud  whiuh  raise  tlio  ques- 
tion in  Bpeoulative  minds,  Is  gravitation  a  universal  thing,  aud 
do  it«  forces  penetrate  every  abyss  of  space  ?  Coulil  we  not 
gauge  the  sea  an  well  as  the  sky,  and  devise  an  inetrutnent  fur 
penetrating  the  depths  of  the  ocean  as  well  an  the  depths  of 
tipoce  ?  Mariners  were  curious  concemiug  the  bottom  of  the  sea. 
Though  nothing  thence  had  been  brought  to  light,  exploration 
had  invested  the  subject  with  additional  interest,  and  increased 
tlie  defiire  to  know  more.  In  this  state  of  the  C8.-te,  the  idea  of  a 
eoiiiiuoa  twine  thread  for  a  sound ing-Uue,  and  a  cannon  ball  for 
ft  sinker,  was  suggested.  It  was  a  beautiful  conception ;  for, 
besides  its  simplicity,  it  had  in  its  favour  the  greatest  of  reoom- 
mendations.  it  o<.iiiId  be  readily  put  into  prtu.'iioe. 

667.  The  great  drplk*  and  JaUarea  of  the  Jirat  alUfmpla. — Well* 
direoted  atteuipis  t^i  futhoin  the  ocean  began  now  to  be  madv.J 
with  such  a  line  and  pluuimet,  and  the  publte  mind  was  astonlshedj 
at  the  vast  depths  that  were  at  first  reported.   Lieutenant  Walsh,  1 
of  the  United  titates  schooner  "  Taney,"  reported  a  cast  with  th« 
deep-Hea  lead  at  thirty-four  thousand  feet  without  bottoro.     Uis 
aounding-ttne  was  an  iron  wire  more  than  eleven  uiiles  in  length. 
Lieutenant  Berrymau,  of  the  United  States  brig  "  Dolphin,"  re- 
ported another  unauccesaful  attemjtt  to  fathom  inid-otieHn  with  a 
line  thirt.v-nine  thousand  feet  in  length,     ('aptaiii  Doiiham,  of 
Her  Britannic  Majesty's  ship  "  Herald,"  reported  bottom  i 
South  Atlnnlio  at  the  deptli  of  forty-six  thousand  feet ;  and  Lieu-j 
tenant  J,  P.  Parker,  of  the  United  Stutea  frigate  "  Oingresa,  j 
afterwards,  in  attempting  to  sound  near  the  same  region,  1 
hie  plummet,  and  saw  it  run  out  a  lino  fifty  thuuHand  feet  long  as  ' 
though  the  bottom  had  not  been  reaidied.     There  are  no  buch 
depths  as  these.    The  three  lacit-nauied  attempts  were  made  with 
the  Mundiug-twine  of  the  American  navy,  which  haa  been  intro- 
duced in  conformity  with  a  very  simple  plan  for  sounding  out  the  i 
depths  (if  the  oeuuu.     It  invulved  for  each  cast  only  the  eipea-  f 
ditnrc  of  a  cannon  hull,  and  twine  enough  to  rench  tlie  bottom.  \ 
This  jilan  was  introduced  us  a  part  of  tlie  reeearohes  conducted 
at  ihe  National  Obsorvatorj",  and  which  have  pnivcd  so  fruitful 
and  liencficial,  eonceniiug  the  winds  und  ourrents  and  other  phe- 
nomena of  the  ucoon.    llieAO  re«earcbes  had  already  received  iha 
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approbation  of  the  Congress  of  the  U 
in  a  spirit  worthy  of  the  representativ 

people,  had  anthoriKcd  the  Secretarj-  ol  the  IVavy  to  employ  threo 
puhlic  veeeels  to  aasiBt  in  perfecting  the  discoveries,  and  in  con- 
ducting the  investigations  oonneirted  therewith. 

568.  Tlie  plan  finalli/  adopted.— The  plan  of  deep-sea  sonndings 
finally  aduptBd,  and  now  in  practice,  is  this :  Eveiy  Teasel  of  the 
navy,  when  she  puis  to  eea,  is,  if  she  desires  it,  fTiniished  with 
a  gnfficient  quantity  of  sounding-twine,  carefully  marked  at  every 
length  of  one  hundred  fathoiuB^six  hundred  feet — and  wound 
on  reek  of  (en  thousand  fathoms  each.  It  is  made  the  duty  of 
the  comuiiiiider  to  avail  himself  of  every  fuvourahle  opportunity 
to  try  the  deplh  of  the  ocean,  whenever  he  may  find  Limeelf  out 
upon  "  blue  water."  For  this  purpose  he  is  to  use  a  caunon-ball 
of  32  or  C)8  pounds  as  a  plimimet.  Having  one  end  of  tlio  twine 
attached  to  it,  the  cannon-bail  is  to  be  thrown  overboard  from  a 
boat  or  a  Bt«amer,  and  suffered  to  take  the  twine  from  the  reel 
as  fast  as  it  will.  The  reel  is  made  to  turn  easily.  A  silk  thread, 
or  the  common  wrapping-twine  of  the  shops,  would,  it  waa 
thought,  be  strong  enough  for  this  puj-pose,  iiir  it  was  supposed 
there  would  be  no  strain  upon  the  line  escept  ihe  very  slight  one 
required  to  drag  it  down,  and  the  twine  having  nearly  the  specific 
gravity  of  sea  wafer,  this  strain  would,  it  was  imagined,  be  very 
slight  Moreover,  when  the  shot  reached  the  bottom,  the  line,  it 
wae  thought  (5  fi61),  would  cease  to  run  out;  then  breaking  it 
off,  and  seeing  bow  much  remained  upon  the  reel,  the  depth  of 
the  sea  could  be  ascertained  at  any  place  and  time  Kini|.ly  at  the 
expense  of  one  cannon-ball  and  a  few  pounds  of  common 
twine. 

56y.  Ditcooery  ofeiarent*  I'n  Oie  depiht  o/tlie  mo. — But  pitiotioal 
difficulties  that  were  not  expected  at  aU  were  lurking  in  the 
way,  and  afterwards  showed  themselves  at  eveiy  attempt  to 
Bound;  and  it  was  before  these  practical  difficulties  bad  been 
fairly  overcome  that  the  great  soundings  (§  61)7)  were  reported. 
In  the  first  place,  it  was  discovered  that  the  line,  once  started 
and  dragged  down  into  the  depths  of  the  ocean,  never  would 
oeaso  to  run  out  (§  662),  and,  couhequently,  that  there  was  no 
tneaus  of  knowing  when,  if  ever,  Ihe  Khot  bad  reached  the 
bottom.  And,  in  the  next  place,  it  was  ascertained  that  the 
ordinary  twine  {S  5(>6)  would  not  do;  that,  the  sounding-line, 
I  going  down,  was  really  subjected  to  quite  a  heavy  strain. 
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&t,  aoneequently,  the  twine  to  be  used  muet  be  Strang ; 
it  waa  therefore  eubjected  to  a  test  which  required  it  to  bear 
a  weight  of  at  least  sixty  pouuds  freely  euBpooded  in  the  air. 
So  we  had  to  go  to  work  anew,  and  make  several  hundred 
thousand  falboms  of  sounding-twine  especially  for  the  piirpose, 
It  was  smftll,  and  st«od  ihe  test  reqiiiied,  a  pound  of  it  measur-  J 
ing  about  six  hundred  feet  in  length.  The  officers  iutninted 
trith  the  daty  soon  found  that  the  Eoundings  could  not  be  made 
from  sailing  veBSele  with  any  certainty  as  to  the  depth.  It  was 
necessary  that  a  boat  tihould  be  lowered,  and  the  trial  be  made 
;  the  men  with  their  oars  keeping  the  boat  from  drifting, 
I   and  maintaining  it  in  such  a  posilion  that  the  line  should  be  *'up  ■ 

Bud  down  "  the  while.  That  the  line  woidd  continiie  to  n 
\  lifter  the  cannou-ball  had  reached  bottom,  was  explained  by  the 
jonjecture  that  there  is  in  the  ocean,  as  in  the  air,  a  system  of 
rrents  and  counter  currents  one  above  the  other,  and  that  it 
>re  of  these  submarine  currents,  operating  upon  the 
*'  Ijight  of  the  line,  which  caused  it  to  continue  to  run  out  alter  the  \ 
shot  had  reached  the  bottom.  In  corroboiutiou  uf  this 
jecture,  it  was  urged,  with  a  Iruib-like  force  nf  argument,  that  it  I 
was  these  under  currents,  operating  with  a  '■swigging"  force  I 
upon  the  bights  of  the  line — for  there  might  be  several  currents 
'n  different  dliections,  and  operating  upon  it  at  the  same 
le— which  caused  it  to  part  whenever  the  reel  was  stopped 
nd  the  line  held  fast  in  the  boat. 

570,  Eridmce  in  favour  of  a  TegiHar  tygtam  of  oreame  cirevlatiiM.  \ 
—A  powerful  train  of  circumstantial  evidence    was  this   (and  1 

at  was  derived  from  a  source  wholly  nocipectcd),  going  to  I 

^  prove  the  existence  of  that  t^'stem  of  oceanic  circulati'in  which  J 

the  climates,  and  the  offices,  and    the   adaptations  of  the  sea  I 

require,  and  which  its  inhabitants  (§  465)  in  their  mute  waj  1 

This  system  of  circulation  commenced  on  the  third 
day  of  creation,  with  the  "  gathering  together  of  the  waters," 
which  were  "  called  seas ;"  it  will  probably  continue  as  long 
,  water    shall    posaess    the    properties   of    Ealtuess    and 

571.  Method  of  making  a  deep-tea  immding. — In  making  thesa  I 
'  iep-eea  soundings,  the  practice  is  to  time  the  hundred  fathoia  1 

'  marks  (I  51)8)  ae  they  Kitccessively  go  out :  and  by  always  tuing 
a  lino  of  the  same  size  and  "  make,"  and  a  sinker  of  the 
abape  and.  weight,  we  at  last  established  the  law  of  deeocot^ 
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ThiiH  the  me 
twine  used, 


experimetiU  gave  us,  for  Ihe  emJier  ■ 

2  lu.  SI  ■.  M  the  average  time  of  descent  finu   100  to   500  Gitb 
„  ..      1000  to  1100    „  _     lOOUtDllOO      , 

4  m.  29  8.  „  „  „     1800  to  moo      . 

572.  TJie  lam  nf  Ihe  plummet's  detcenl. — Now,  by  aid  of  t 
law  lioTO  indicated,  wo  could  tell  very  nearly  when  the  b*U 
ceaiicd  to  cany  the  line  out,  and  when,  of  courae,  it  began  to 
go  out  in  obedience  to  the  current  and  drift  alone ;  for  cnrrents 
wonUl  sweep  the  line  out  at  a  uniform  rate,  while  the  cannon- 
bnll  would  di'ag  it  otit  at  a  decreasing  rate.  The  development 
of  this  law  was  certainly  an  achievement,  for  it  enabled  ub  to 
tihow  that  the  depth  of  the  sea  at  the  places  named  (3  5()T)  was 
not  ae  great  aa  reports  made  it.  TheKo  researches  were  interest- 
ing ;  the  problem  in  band  was  important,  and  it  deserved  every 
effort  that  ingenuity  could  euggest  for  redncing  it  to  a  satis- 
faotovy  holulion. 

tnding  apparatti*. — As  yet  no  specimenB  of  the 
1  brought  up.  The  line  was  too  small,  the  shot 
it  could  not  be  weighed;  and  if  we  could 
why  tihould  we  not  know  its  charRcter?  In 
cftse,  I'nsfiL'd  Midshipman  J.  M,  Brooke,  United 
o  at  ihe  time  was  associated  w^ith  me  on  duty  at 
,  proposed  a  contrivance   by  wliich  the  shot. 


bottom  had  boeu 
was  too  heavy,  ai 
reach  the  button 
tliis  state  of  the 
Stutes  Kavy,  wl 
the  Observatory, 

on  striking  the  bottom,  would  dotuch  itself  from  the  lin 
send  up  a  sjiecinien  of  the  Ixtttoui.  This  beautiful  contrivance, 
called  Brooke's  Deep-sea  Sounding  Apparatus,  is  represented 
on  p.  313.  A  is  a  cannon-ball,  having  a  hole  through  it  for  the 
foA  B.  Fiijiire  I  represenla  tlio  rod  B,  and  the  slings  D  I),  with 
the  shot  slung,  ready  for  sounding.  Figtire  2  represents  ihp 
apparatus  in  the  act  of  striking  the  bottom ;  it  shows  how  the 
shot  is  detached,  and  how  tcpecimens  of  the  bottom  are  brought 
up,  by  adhering  to  n  little  soap  or  tallow,"  called  "arming," 
in  the  cup  C,  at  the  h.wer  end  of  the  rod  B.  A\  iih  this  con- 
trivance ^])eciuiens  of  Ihe  bottom  have  been  brought  up  from  the 
depth  of  nearly  four  n  " 
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574.  The  deepen  part  of  Ike   Admilie   Ocean. — The    greatest  \ 
depths  at  which  the  bottom  of  the  eeu  has  bten  I'eached  with 
the  plummet  are  in  the  Norlii  Atlantic  Ocean,  and  (he  places 
where  it  has  been  fathomed  do  not  ehuw  it  to  be  deeper  than 
twentj-five  thousand    feet     The  deepest  place   in  this  ooeas 
(Flale  XI.)  is  probably  between  the  paroUels  of  35^  and  40*  J 
north  latitude,  and  itu mediately  to  the  sonthward  of  the  Granttl 
Banks  of  Newfoundland.      'Iho    fin<t    specimens    have    been  I 
WceiTed  fiom  the  coral  sea  of  the  Indian  Archipehigo  and  froial 
itte  North    Pacific.      They  were    collected  by  the    eurveyingj 

pedition  employed  in  those  seas.     A  few  soundings  have  t 
lade  in  the  Sonth  Atlantic,  but  not  enough  U>  justify  doducijott'a 
to  its  depths  or  the  precise  shape  of  its  floor. 

575.  Defjhtea  toundingt  6j  the  Englitk  nary. — The  friends  e 
ihjBJoal  Fea«arch  at  mm  ar«   under  oblig»tiati8  to  tlte  affioi 
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of  tbe  English  navy  for  miicU  valnable  infonnaticn  toiicliiiig  this 
inleresting  wibjtct.  Certain  officers  in  that  service  have  taken 
up  the  problem  of  deep-£oa  soundings  with  tlie  moat  praiee- 
worthy  zeal,  energy,  and  intelligence.  Dayman  in  the  Atlantic, 
CaptaioB  Spratt  and  Mangell  in  the  Mediteiranean,  with  Captain 
Pnllon  in  the  Bed  Sea,  have  all  made  valuable  contributioiu 
to  the  Ettx^k  of  human  knowledge  concerning  the  depths  and 
bottom  of  the  sea.  To  Mansoll  and  Spratt  we  are  indebted 
for  all  we  knnw  about  doep-sea  soundings  in  the  Medilermnean, 
0^  we  are  to  Pnllen  for  those  tn  the  Red  Sea.  By  their  linec 
of  soundings,  their  maps  and  profiles,  they  hove  enabled  phytdoal 
geographers  to  form,  with  Boniu  approach  towards  correctueas,  ax 
idea  as  to  the  orography  of  the  basins  which  hold  tbe  water 
for  these  two  seas,  We  are  also  indebted  to  the  French  for 
di<cp-sea  soundings  in  the  Mediterranean.  That  sea  appears 
to  bi-  about  two  miles  deep  in  tbe  deepest  parts,  whii'h  Mfg_ 
in  the  iaieless  spaces  to  the  west  of  Sardinia  and  to  (he  east  J 
Malta, 
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530.  I^e  tuvnders  of  the  tea. — The  wonders  of  the  sea 
marvellous  as  the  glories  of  the  heavens  :  and  they  proclaimt^ 
BOngs  divine,  that  they  too  are  the  work  of  holy  fingers.  AmonJ 
the  revelations  which  scientific  research  ha«  lately  made 
cemiog  the  crust  of  our  planet,  none  are  more  interesting  to 
the  student  of  nature,  or  more  suggestive  to  tbe  Christian 
philosopher,  than  those  which  relate  to  the  bed  and  bottom  of  the 
ocean. 

681.  It»  boUom  and  CTimi-orfwo.— The  basin  of  the  Atlantic, 
according  to  the  deep-sea  soundingH  made  by  tbe  American  and 
English  navies,  is  shown  on  Plate  XI.  Thin  pkte  refers  chiefly 
to  that  part  of  tbe  Atlantic  which  is  included  within  our 
hemisphera.  In  its  entire  length,  the  basin  of  this  sea  is  a 
long  trough  separating  the  Old  World  from  the  JJow,  and 
extending  probably  from  pole  lo  pole.  As  to  breadth,  it 
contrasts  strongly  with  the  I'afifio  Ooeun,  From  the  top  of 
ChiraboiaKo  to  the  bottom  of  the  Atlantic,  at  the  deepest  plaoe 
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yet  reached  by  the  plummet  in  that  ocean,  the  distauce,  in  i 
vertical  line,  is  nine  miles. 

682.  An  orographic  viene. — Conlil  the  watora  of  the  Atliintic  b 
drawn  off  )<o  as  to  expose   to  view  this  great  eoa-gash  whioK' 
sepEtrateB  cnntiuente,  and  citends  from  the  Arctic  to  the  Antarctioi.l 
it  would  prcKenl  a  scone  the  most  rugged,  grand,  and  imponingi'S 
The  very  ribs  of  the  Bolid  earth,  with  the  foimdationB  of  the  61 
would  be  bronght  to  light,  and  we  should  have  presented  to  n 
in  one  view,  in  the  empty  cradle  of  the  ocean,  "  a  thonnam 
fearful   wreeks."  with  that  array  of  "dead  men's  skulls,  greati 
anohora,  heaps  of  pearl  and  inestimable  strnes,"  which,  in  Ihe  1 
poet's  eye,  lie  scatterod  on  the  bottom  of  the  sea,  making  it 
hideous  with  sights  of  ngly  death.     To  measure  the  elevation  of  j 
the  mountain-top  above  the  sea,  and  to  lay  dowu  u]K>n  onr  mapo  ' 
the  elev&ted  ranges  of  the  enrth,  is  regarded  in  geography  as  an 
important  Ihtng,  and  rightly  so.     Equally  importaut  is  it,  in 
bringing  the  physical  geography  of  the  sea  regularly  within  tha 
domains  of  science,  to  present  its  orologj",  by  niiipping  out  the  [ 
bottom  of  the  ocean  so  aa  lo  show  the  depreBsiona  of  the  solid    j 
parta  of  the  earth's  orust  there,  below  the  sea-level. 

583.  Plate  XI. — Plate  XI.  presents  the  litlesl  attemptat  such  r 
map.     It  relates  e:[clu8ively  to  the  bottom  of  that  part  of  the 
Atlantic  Ocean  which  lies  north  of  10' south.     It  is  stippled  with 
four  shades :   the  darkest  (that  which  ta  nearest  the  shore-line) 
shows  whore  the  water  is  lot«  than  eii:  thousand  feet  deep ;  tha 
next,  where  it  is  less  than  twelve  thousand  feet  deep ;  tlie  third,    ! 
where  it  is  less  than   eighteen   thousand;   and  the  fuurtli.  or 
lightest,  where  it  is  not  arer  twenty-four  thousand  feet  deep.    ', 
The  blank  space  south  of  Nova  Scotia  and  the  Grand  Banks  itt-    I 
eludes  a  district  within  which  casta  showing  vety  deep  water   ] 
have  been  reported,  but  which  subsequent  investigation  and  dia-  J 
mission  do  not  apjiear  to  confirm.     'J'he  deepest  port  of  the  Nortll  I 
Atlantic  is  prohahly  somewhere  between  the  Bermudas  and  th*  \ 
Qrand  Banks,  but  how  deep  it  may  be  yet  remains  for  the  cannon-  i 
ball  and  sounding -twine  to  determine.     The  waters  of  (he  GuVt  | 
of  Mexico  are  held  in  a  basin  about  a  mile  deep  in  the  deepest  J 
part.     The  EorroM  of  the  An.ANTic,  or  its  depressions  beloir  J 
the  sea-level,  are  given,  perhaps,  on  this  plate  with  as  mnch  s 
curacy  as  the  best  geographers  have  been  enabled  to  show,  o 
map,  the  etevatiuna  above  the  sea-lovel  of  ibe  interior  either  0 
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584,  "  What's  die  use"  of  deep-tea  mundings  f—"  What  in  to  be 
tile  use  of  thene  deep-sea  soundings  'f  is  a  question  that  often 
occurs ;  and  it  is  its  difficult  to  be  anHWore<l  in  Ciktegotical  terms  09 
Franklin's  ijucstion,  "  tt'hat  in  tlie  nae  of  a  new-born  babe?" 
ETery  physical  fact,  every  expression  of  nature,  every  feature  of 
the  eATtL,  the  work  of  any  and  all  of  those  ageuta  which  make 
tlie  face  of  the  world  what  it  is,  and  as  we  see  it,  is  interesting 
and  instructive.  Until  we  get  hold  uf  a  group  of  physical 
fkcta,  we  do  not  know  what  practical  beoringe  they  may  have, 
though  right-minde<l  men  know  that  they  contain  many  precioua 
jewels,  which  the  experts  of  philosophy  will  not  iiul  to  bring 
nut,  polished  and  bright,  and  beautifully  adapted,  sooner  or  later, 
to  man's  purposes.  Already  we  are  obtaining  practical  answers 
to  this  question  as  to  the  use  of  deep-sea  aoundinga  ;  for,  as  aoon 
as  they  were  announced  to  the  public,  they  forthwith  asaunied  a 
practical  beariug  in  the  minds  of  men  with  regard  to  the  question 
of  a  submarine  tel^raph  across  the  Atlantic, 

565.  Tlie  tdeijTaj^kicjilaleuu. — There  is,  at  the  bottom  of  this  sea, 
betw«n  I'ape  Race,  inNewfonndland,  and  Cape  C'lear.in  Ireland, 
a  remarkable  eteppe,  which  is  already  known  as  the  telegraphio 
plateau,  and  has  already  been  made  famous  by  the  attempts  to 
run  a  tel^raphio  cable  across  the  ocean  upon  it.  In  August, 
1858,  a  cable  was  laid  upon  it  fium  Valencia  in  Ireland  to  Trinity 
Bay  in  Newfoundland,  and  but  a  few  messages  were  passed 
through  it,  when  it  ceased  to  work.  \\'hether  messages  can  ever 
l>e  mtccfggfullii  sent,  in  a  commercial  sense,  through  such  a  length 
of  continuous  submarine  wire,  is  by  no  means  certain ;  but 
that  the  wires  of  1858  so  soon  cea«d  lo  pase  any  current  at 
all  was  no  doubt  owing  to  the  fact  that  the  cahle  was  constructed 
upon  erroneous  principles.  Its  projectors,  in  planning  its  con- 
atntction,  did  not,  unfortunately,  avail  themselTes  of  the  light 
which  our  deep-sea  suQiidings  had  cast  upon  the  bed  of  the 

586.  TlieJWit  gpectmeiu  of  deep-tea  totmdinijt. — It  was  upon  this 
plateau  that  Brooke's  sounding  apparatus  brimght  up  its  first 
trophies  from  the  bottom  of  the  sea.  These  specimens  the 
officers  of  the  Dolphin  judged  to  be  clay;  but  they  took  the 
precaution  to  label  them,  carefully  to  preneive  them,  and,  on 
their  return  to  the  United  States,  to  send  them  to  the  proper 
bureau.  They  were  divided;  a  part  was  sent  for  examination 
Professor  Khreuberg.  of  Berlin,  and  a  part  to  the  late  I'rofc 
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Bailey,  of  West  Point — eminent  microscopiBts  both.     The  latter  J 
thus  responded : — 

587.  hailey'g  teller.-^"  I  am  greatly   obliged  to  you  for  tha  I 
deep  soundings  you  sent  me  lA8t  week,  and  1  have  looked  at  tbeitt.  I 
with  great  intereat.     They  are  exactly  what  1  have  wanted  to  got  f 
hold  of.     The  bottom  of  the  ocean  at  the  depth  of  nwre  Ihan  tmo-M 
milet  I  hardly  hoped  ever  lo  have  a  chance  of  esamining;  yet,    | 
thanks  to  Brooke's  contrivance,  we  have  it  clean  and  free  from 
grease,  so  that  it  can  at  once  be  put  under  the  microscope.     1  was 
greatly  delighted  to  find  that  all  these  deep  soiindiDgs  are  filled 
vritli  microscopic  shells  ;  not  a  partiule  of  sand  or  gravel  exists 
in  them.     They  are  chiefly  made  up  of  perfect  little  calcareous 
shells  (Foraminifera),  and  contain,  also,  a  number  of  silicioiu 
sheila  (Diatom accee).     It  is  not  probable  that  these  animals  lived 
at  the  depths  where  these  shells  are  found,  but  I  ratlier  think  that 
they  inhabit  the  waters  near  the  surface ;    and  when  they  die, 
their  shells  settle  to  the  l>ottom.     M' ith  reference  to  this  point,  1 
shall  be  very  glad  to  examine  bottles  of  water  from  various 
depths  which  were  brought  houie  by  the  Dolphin,  and  any  similar 
materials,  either  *  bottom,'  or  water  from  other  localities.     I  i>hall 
study  them  carefully,  .  .  .  The  results  already  obtained  are  of 
very  great   interest,    and  have    many    important  bearings  oi 
geolt^-  and  zoology.  ,  .  .  1  hope  yon  will   induce  as  mauy  s 
possible  to  collect  soundings  with  Brooke's  lead,  in  all  parts  of  ■ 
the  world,  so  that  we  can  map  out  the  animalculce  as  you  liava  i 
the  whales.     Gret  your  whalers  also  to  collect  mud  from  pancaka<l 
ice,  etc.,  in  the  polar  regions ;  this  is  always  full  of  iulereBtiugl 
mioroseopio  forms." 

588.  Speeimena  from  Ote  coral  *m. — Lieutenant  Brooke,  of  the 
North  Pacific  Exploring  Expedition,  procured  specimens  of  the 
bottom  from  the  depth  of  2150  fai  hems  lathe  coral  sea,  lat.  13°  S., 
long.  1 02°  E.     With  regard  to  thOHC,  the  admirable  and  lamented  I 
Bailey  wrot«  in  1865,  "  Von  may  be  sure  I  was  not  backward«B 
in  taking  a  look  at  the  specimens  you  sent  me,  which,  from  their  ■ 
locality,  promised  to  be  so  interesting.     The  sounding  from  2iS0'l 
btlioms,  although  very  small  in  qaaiailg,  is  not  so  bnd  in  qualitjf,M 
yielding  representatives  of  most  of  the  great  groups  of  micro-l 
acopio  ot^anisms  usually  fouud  in  murine  sediments.     The  pr&-« 
dominant  forms  are  silicious  spicules  of  spoiufon.     Various 
of  these  ocour ;  some  long  and  spindle-ehapetl,  or  aciculor : 
pin-headed  i  some  three-spined,  etc.,  etc.     The  Diatomea  (Biliuioal 
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infusoria  of  Ghreoberg)  are  veiy  few  in  number,  and  mostly  frag- 
mentary. I  found,  however,  some  perfect  valves  of  a  cosciuo- 
discuB.  Tlio  Foramiuifera  (Polythalamia  of  EhrenbeT^)  are  very 
rare,  only  one  perfect  shall  being  eeen,  with,  a  few  fiagmc&ts  of 
others.  ITie  polycistinete  aro  prescat,  and  some  species  of  ha- 
liomma  were  quit*  perfect.  Fr^meuts  of  other  forms  of  ihia 
group  indicate  that  various  iuteresting  speuiwi  might  be  obtained 
if  we  had  more  uf  the  material.  You  will  SL'e  by  the  ahoTO  that 
thia  deep  sounding  diflers  coMidorahly  from  those  obtained  in 
the  Atlantic.  The  Atlantic  soundings  were  almost  wholly  com- 
posed of  calcareous  hhells  of  the  Fonuuinifera ;  these,  on  the  cod- 
trory,  contaia  very  few  Foramiuifera.  and  are  of  a  silicioue  tather 
than  Et  calcareous  nature.  Ihis  only  makes  the  condition  of 
tliingB  in  the  Northern  Atlantic  the  more  interesting." 

580.  Theg  hetong  to  Pie  aaioutl,  not  to  the  vegetable  or  miai^nl  king- 
dam. — The  tirst  noiiceuble  thing  the  microHoo]>e  gives  of  these 
specimens  is,  ihat  nearly  all  of  them  are  of  the  animal,  few  of  the 
mineral  or  vegetable  kingdom.  Tlie  ocean  teems  with  life,  we 
Icuow.  Of  the  foilr  elements  of  the  old  philosophers — fire,  earth, 
air,  and  water — perhaps  the  sea  most  of  all  abounds  wilh  liviug 
cieatures.  The  space  occupied  on  the  surface  of  our  planet  by 
the  different  families  of  animals  and  their  reniiiins  seoms  to  be 
inveriiely  as  the  size  of  the  individual.  The  smaller  the  animal, 
the  greater  the  space  occupied  by  its  ruiuaius.  Though  not  in- 
variably the  case,  yet  this  rule,  to  a  certain  extent,  is  tiTio,  and 
will,  therefore,  antrwer  our  present  pnrposos,  which  are  simply 
those  of  illnstmtion.  Take  the  elephant  and  his  remains,  or  a 
microscopic  anima]  and  his,  and  comjmre  them.  The  contrast, 
as  to  sjiace  occupied,  is  as  striking  as  the  diiference  between 
great  and  small.  The  graveyard  that  would  hold  the  remains  of 
the  coral  insect  i»  larger  than  the  graveyard  that  would  hold 
those  of  the  elejihaut. 

aOO.  Quiet  reigiu  in  the  difpth  i\f  the  ervi. — We  notice  another 
practical  huuring  in  this  group  of  physical  facts  that  Urookc's 
apparatus  Uua  tinhed  up  from  the  bottom  t>f  the  deep  sea.  Bailey, 
with  his  microsoope  (§  567),  could  delect  scarcely  a  single 
particle  of  sand  or  gravel  among  these  little  mites  of  sheila. 
'rbay  were  from  tlie  groat  telt^'aphio  plateau  {§  585),  and  the 
iuferenoe  is  that  tliere,  if  anywhere,  the  waters  of  the  sea  are  at 
rest.  There  wan  not  motion  enough  to  abrade  these  very  delicate 
orgMnisms,  nor  current  enough  to  sweep  them  about  and  mix. 
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with  them  a  grain  of  the  finoat  sa.uA,  nor  the  smalltvtl  particle  of  J 
gravel  torn  from  the  loose  beds  of  dibris  that  here  and  ihore  T 
strew  the  bottnra  of  the  sea.     This  plateau  ie  not  too  deep  for  the 
wire  to  sink  down  and  rest  upon,  yet  it  is  not  eo  ehalluw  tfaut 
(iiirrente,  or  icebergs,  or  any  abrading  force  can  derange  the  wir^  j 
after  it  is  onoe  lodged  there. 

5!»1.  iJiAere/i/einiAem?— As  Professor  Bailey  remarks  (S  587),  j 
the  animalculie,  whoiio  remains  Brooke's  lead  has  brought  np  - 
from  the  bottom  of  the  deep  sea,  probably  did  not  live  or  die  I 
there.     ITiey  would  huve  had  no  light  there,  and,  bad  they  lived  j 
there,  tlieir  frail  little  texture  would  have  been  subjected,  in  ilH 
growth,  to  the  pressure  of  a  column  of  water  twelve  thousand  feet 
.  b^h,  equtil  to  the  weight  of  four  hundred  atmospfaeree.     They 
''  probably  lived  and  died  near  the  surface,  where  they  couJd  feel 
the  genial  influence  of  both  light  and  heat,  and  were  buried  in  tiio 
lichen  caves  betow  after  death. 

592.  The  ocean  m  a  new  light — Brooke's  lead  and  the  micro- 
scope, therefore,  it  would  seem,  are  about  to  teaoh  lu  to  ivgard 
the  ocean  in  a  new  light.     Its  bosom,  which  so  teems  with  ani- 
mal life — its  face,  upon  which  time  writes  no  wrinkles,  makee  no 
impression,  are,  it  would  now  seem,  aa  ubedtetit  to  tlie  great  law 
of  change  as  is  any  department  whatever  either  of  the  animal  or 
the  vegetable  kingdom.     It  is  now  su^eated  that  henceforward   < 
we  should  view  the  surface  of  the  sea  as  a  nursery  teeming  with   I 
nascent  orgauisins,  its  depths  as  the   cemetery  for  fan 
living  creatures  that  out--iiuinber  the  sandii  on  the  sea  hhore  for 
multitude.     Where  there  is  a  nursery,  hard  hy  there  will  be  found 
also  a  graveyard :    such  is  the  condition  of  the  animal  world. 
But  it  never  occurred  to  ns  hefoi-e  to  consider  the  surfaiie  of  the  I 
u  as  one  wide  nuroery,  its  every  ripple  a  cradle,  and  its  bottom 
i  one  vast  burial-place. 

393.  Levetliti'j  ageadet. — On  those  parts  of  the  solid  portions  of  I 
I  ihe  earth's  crust  which  ai'e  at  the  bottom  of  the  atmosphere, 
s  at  work,  levelling  both  upwards  and  down- 
Ueat  and  cold,  rain  and  sunshine,  the  winds  and  the  | 
I,  all,  assisted  hy  the  forces  of  gravitation,  are  unceasingly 
;  away  the  high  places  on  the  land,  and  as  perpetually 
g  np  ihe  low.    But  in  contemplating  the  levelling  t^encieB  .] 
■e  at  work  upon  the  solid  portions  of  the  crust  of  our  planet 
^luch  are  ut  the  bottom  of  the  sea,  one  is  led.  st  iirat  thought, 
'I  tu  the  conclusion  that  these  levelling  agents  are  powerleas  I 
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there.  In  lie  deep  sea  there  are  no  abrading  proceaacs  at  work  ; 
neither  frosts  nor  luins  are  felt  there,  and  the  force  of  graviiiition 
tti  eo  paralyzed  there  that  it  cannot  ueo  half  its  power,  an  on  dry 
land,  in  fearing  the  overhanging  rock  from  the  precipice  and 
caating  it  down  into  the  valley  below, 

594.  ITie  offiem  of  animidailce. — Hitherto  we  have,  in  iui.igina- 
tiou,  be«n  disposed  to  regard  the  waters  of  tue  eea  as  a  great 
cushioo,  placed  between  the  air  and  the  bottom  of  the  ocean. 
to  protect  and  defend  it  from  these  abrading  agencies  of  the  atmo- 
sphere. The  geological  clock  may.  we  thought,  strike  new 
periods  :  ila  hands  may  point  to  era  after  era ;  but,  go  long  as  the 
ocean  remains  in  its  basin,  eo  long  as  ita  bottom  is  covered  with 
blue  water,  bo  long  must  the  deep  fiirrowa  and  strong  contrasts 
in  the  solid  crust  below  stand  out  boldly,  ru^ed,  ragged,  and 
grandly.  Nothing  can  fill  up  the  hollowB  there ;  no  agent  now 
at  work,  that  we  know  of,  can  descend  into  its  deplJis,  and  level 
off  the  floors  of  the  sea.  But  it  now  sefms  that  we  forgot  the 
myriads  of  animalcnlffi  that  make  the  sor&oe  of  the  sea  sparkle 
and  glow  with  life  :  thoy  are  eeoreting  from  its  surface  solid 
matter  for  the  very  purpose  of  filling  up  those  cavities  boLow. 
Those  little  marine  insects  build  their  habitations  at  the  surface, 
and  when  they  die.  their  remains,  in  vast  multitudes,  siuk  down 
and  settle  upon  the  bottom.  They  are  tho  atoms  of  which 
mountains  are  formed — plains  spread  out.  Our  marl-beds,  the 
clay  in  our  riverbottoms,  large  portions  of  many  of  tho  groat 
basins  of  the  earth,  even  flinty  rocks  are  compotiod  of  the  remains 
of  just  such  little  oreatnres  as  these,  which  tho  ingenuity  of 
Brooke  has  euubled  us  to  fish  up  tioxa  the  depth  of  nearly  £3Ur 
miles  (two  tborisand  feet)  below  the  sea-level."  These  Fora- 
mmt/«ra,  therefore,  when  living,  may  have  been  prepaiing  tho 
ingredients  for  tho  fruitfill  soil  of  a  land  that  some  earthquake  or 
upheaval,  in  agos  far  away  in  the  future,  may  bo  sent  to  cast  up 
ftvm  the  bottom  of  the  sea  for  man's  use, 

695.  R«  study  of  them  profitable. — Thp  study  of  these  "  suule* 
treaenree,"  recovered  with  so  much  ingenuity  from  the  rich 
bottom  of  tho  sea,  suggests  new  views  concerning  tho  physical 
economy  of  the  ocean.  It  not  only  leads  us  into  tho  woikahops 
of  the  iuhabitants  of  the  sea — showing  ns  through  tlieir  nurseries 
and  ceiueteriea,  and  enabling  us  to  study  their  economy, — but  it 

■  The  grcutcst  d^th,  from  vliich  spociiutnia  nf  bottom  liUTo  bci-n  obtabtBd. 
la  19,800  feet  [^00  bthoms)  in  Die  North  PiLciSo. 


I 


W  THE  BA§IN   AND   BED   OF  TUE  ATLANTIC.  321    ■ 

Conduota  na  into  the  very  chambers  of  ihe  deep.     Our  ioveGtiga- 
tiona  go  to  show  that  the  roaring  wrivcs  and  the  mightiefit  biUows 
of  the  ticBan  repose,  not  upon  h^ird  or  Irunbled  hede,  but  opon 
ciisliions  of  still  water;    that  overj'where  at  the  bottom  of  the 
'deep  ecn  the  solid  ribu  of  tfae  earth  are  protocted,  as  with  »  I 
garment,  from  the  abrading  action  of  its  ourrenis,  and  that  the  I 
cradle  of  its  restless  waves  is  liued  by  a  stratnni  of  water  at  rest,  J 
ur  so  nearly  at  rent  that  it  can  neither  wear  nor  move  the  lightest  1 
bit  of  drilt  that  once  lodges  there. 

596.  The  ahrasiott  o/ fwrento.— The  tooth  of  running  water  IS  | 
verj'  sharp.  Sve  how  the  Hudson  has  gnawed  thiongli  the 
Highlands,  and  the  Ni^ara  cut  its  way  through  layer  after  layer 
of  the  solid  rock.  But  what  are  the  Hudson  and  the  Niagara, 
with  all  the  fresh  water-courses  of  the  world,  by  the  side  of  iho 
Gulf  Stream  and  other  great  '■  rivers  in  the  ocean  f"  And  what 
is  the  pressure  of  fresh  water  tipon  river-beds  in  comparison 
with  the  prestnire  of  ocean  water  upon  the  bottom  of  the  deep 
sea  ?  It  is  not  so  great  by  contrast  as  the  gutters  in  the  streets 
are  to  the  cataract.  Then  why  have  not  the  currents  of  the  sea 
worn  its  bottom  away  ?  Simply  because  they  are  not  permitted 
to  get  down  to  it.  Suppose  the  cuiTents  which  we  see  at  and 
near  the  surface  of  the  ocean  were  permitted  to  extend  all  the 
way  to  the  bottom  in  deep  as  well  as  shallow  water,  let  us  see 
what  the  pressure  and  scouring  force  would  be  where  the  sea  ia 
only  3000  fathoma  deep — for  in  many  places  the  depth  is  even 
greater  than  that.  It  ia  eqoal  there,  in  round  numbers,  to  the 
pressure  of  six  hundred  atmospheres.  Six  hundred  atmospheres, 
piled  up  one  above  the  other,  would  press  upon  every  square  I 
foot  of  Bolid  matter  beneath  the  pile  with  the  weight  of  1.296,000  | 
pounds,  or  648  tons. 

5!t7.  Their  preature  on  the  bottom. — The  better  to  comprehend  ' 
Uie  amount  of  wuch  a  pressure,  let  us  imagine  a  column  of  water 
just  one  foot  square,  where  the  sea  is  3000  faihoniti  deep,  to  bo 
frozen  frum  the  top  to  the  bottom,  and  that  we  could  then,  with 
the  aid  of  some  mighty  magician,  haul  this  shaft  of  ice  up,  and 
stand  it  on  one  end  for  inspection  and  examination.    It  would  be 
18,000  feet  high  ;    the  pressure  on  its  pedestal  would  bo  more 
than  a  million  and  a  qut^ter  of  pounds;  and  if  plnced  on  at>hip 
648  tons  burden,  it  would  be  heavj'  enough  to  sink  her.     Thera  i 
are  currents  in  the  sea  where  it  is  3000  fathoms  deep,  and  e 
of  them— as  the  Golf  Stream — run  with  a  velocitj-  of  four  n 
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an  hour  and  even  more.  Every  square  foot  of  the  earth's 
at  tLo  bottom  of  a,  four-knot  current  aOOO  fathoms  deep  waaI|P 
have  no  less  tlian  506,880 — in  round  nuinbera,  half  a  miUion — of 
such  coliimna  of  water  daily  dragging,  and  rubbing,  and  scouring, 
and  chafing  over  it,  wuder  a  continnons  pressure  of  648  tons. 
What  would  the  bottom  of  the  sea  have  to  he  made  of  to  with- 
stand such  erosion  ?  Water  running  wiih  such  a  velocity,  and 
with  ihe  friction  upon  the  bottom  which  such  a  pressure  would 
create,  woidd  in  time  wear  aw«y  the  ihickeat  bod,  though  made 
of  the  hardest  adamant.  Why.  then,  has  not  the  bottom  of  the 
sea  bei^n  wom  away  ?  Why  have  not  its  ciurcnts  cut  through 
the  solid  cru«t  in  which  its  billows  are  rocked,  and  ripped 
oat  from  the  bowels  of  the  eaitii  the  masses  of  incandescent, 
molten  matter  which  geoli^istH  toll  us  lie  pent  up  and  boiling 
there  ? 

598.  \VTiy  ttty  cannot  chafe  il. — If  the  currents  of  the  sea,  with 
this  four-mile  velocity  at  the  surface,  and  this  htmdreds  of  tons 
pieSHure  on  the  hottiim,  were  permitted  to  chafe  against  its  bed, 
the  Atlantic,  instead  of  being  two  milcB  deep  and  3000  miles 
brond,  would,  we  may  imagine,  have  been  long  ago  cut  down  into 
a  narrow  channel  that  might  have  been  as  the  .i^ime  ocean  turned 
up  on  edge,  and  measuring  two  miles  broad  and  ^iOOO  deep.  But 
had  it  been  so  out,  tbe  proportion  of  land  and  water  sui-face 
would  have  been  destroyed,  and  the  winds,  for  lock  of  area  to 
play  upon,  couhl  nut  have  sucked  up  fi'om  the  sea  vapours  for 
the  rains,  and  the  faee  of  tbe  earth  would  have  become  us  a 
desert  without  water.  Now  there  is  a  ruasun  why  such  i  hnnges 
should  not  take  place,  why  the  currents  tJiould  not  upint.t  nor 
score  tliu  deep  bed  of  the  ocean,  why  tliey  should  not  throw  out 
of  adjustment  any  physical  arrangement  whatever :  because,  in 
the  presenoe  of  everlasting  wiiid<iro,a  eompang  lau  gal  upon  tlit/aee 
of  the  <li^;_  because  ita  waUm  teere  metuarfd  in  the  holliite  of  the 
Almlghtg  hand  ;  because  httre  and  doors  tetre  tet  to  stay  ilt  proud 
^eava ;  awl  because,  when  He  gave  to  the  sea  Hit  decree  tluU  its 
italirt  thovid  nol  pam  Bia  command.  He  laid  the  f<iu.niUttion»  of  the 
leorld  sofatt  Oiai  they  gbould  twt  be  rcmoacd/or  eier, 

.599.  What  il  eontista  o/.—Hy  bringing  up  Bpeoimens  from  the 
depth  of  the  ocean,  and  studying  tliem  through  the  microscope, 
it  has  been  ascerlained  that  the  bed  of  the  oeoun  is  lined  with 
Ihe  mtOTOScopio  remains  of  its  own  dead,  with  marine  feculenoo8_ 
which  lie  on  the  bottom  as  lightly  as  goi^sumer.     How  frail  j 
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tow  strong,  how  light  yet  how  firm  are  tbe  foundstiona  of  [he  1 

Moa !     lis  waves  csiinot  frot  them,  its  currents  caoiiot  wear  them,  I 
for  ihe  bed  of  tlie  deep  auu  is  prut«ct«d  from  abrasiuu  by  a 
ouBhion  uf  still  and  heavy  water.     There  it  lias— ihnt  beikutiful 

arrungement — spread  out  over   tho  bottom   of  the   deep,   and  I 

covering  its  foundatioDe  as  with  a  garment,  no  thut  thuy  may  not  J 

be  woru.     If  the  currents  chafe  upon  it  now  hero,  now  there,  as  ] 

in  shallow  seas  thoy  somotimeH  do,  this  protecting  on^hion  is  I 

telf-aJjmiling ;  and  the  moWKnt  the  unwonted  prB8*ure  is  removed  ] 

the  liquid  cushion  is  restored,  and  there  is  again  conipeusation.  ] 

(IdO.  TTre  caiuca   Oiai  produce  carrenli   in   ihe  »ea  retide  near  ill  \ 

vface, — Tbe    discovery   of    this   arrangement  in   the  uceaniQ  j 

hineiy  Biiggebta  thut  the  blreaiuB  of  running  walcr  in  the  ses  j 
lay  rather  abuut  its  eurfacti  ihan  in  its  deptlu ;  thut  the  causes 
Irliich  produce  currents  roaidc  at  and  near  the  surface:  that 
ouUGcs  are  changing  heat  and  alternating  cold  with  their 
Fjoware  ofoontiaction  and  expansion — winds  and  iieA-shellti  with 
eVftpi)ralion  and  precipitation:  and  it  is  certain  that  none  of 
iheeo  agents  appear  capable  of  reaching  with  their  influences 
verj-  far  down  into  tie  deptlis  of  the  great  and  wide  sea.     Tbey 

kgti  not  much,  if  any,  farther  down  than  the  light  can  reach.     Chi  i 

the   other  hand,  the  must  powerful  a^eut£  in   the  alnjoephers  | 

neide  at  and  near  \\s  bottom ;    ao  that,  where  theKe  two  great  I 

oceans  meet — the  a<^ueous  and   iLo  aerial — there  we  prohubiy  1 

hkve  the  greatest  conflict  and  the  most  puweiful  dieplay  of  the  I 

prcex  that  set  and  keep  them  iu  niotiuu,  making  them  tu  rago  I 

lUid  roar.  I 

001,  Tli&r  rfgjrfi. — The  greatest  depth  at  which  running  water  j 

is  to  be  found  in  tho  sea  is  probably  in  tho  narrowest  part  of  the  j 

Gulf  Stream,   as,    comiug  from  its  mighty   fountain,  it  issues  ] 

through  the  Florida  I'sss.      The    deep-sea  thermomoler  shows  ] 

that  even  here   there  is  a  layer  of  cold  water  in  the  depths  I 

benealh,  so  that  this  "  river  in  the  sea  "  may  chafe  not  against  I 

I  the  eolid  bottom.      What  revelations  of    llie   teiuscoiie,   what  | 

Wonders  of  (he  microsco]>u,  what  fact  relating  to  the  physical  1 

Economy  of  this  ten'cstrial  globe,  is  more  beantilnl  or  snggeslivd  I 

Bkan  some  of  the  secrete  which  have  Iwen  fi«hed  np  from  tha  ] 

BtiverDs  of  the  deep,  and  brought  to  light  Eiom  the  hidden  paihs  I 
fcfthese«7 

L  <>ua.  The  ctuthion  of  dill  maltT — tin  thiehtcu. — In  my  researches  J 
p  have  as  yet  found  no  marks  of  running  water  impressed  upon 

I 1_ 
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the  fotmdationfl  of  the  sea  beyond  the  depth  of  two  or  thnee 
tbouBHiid  feet.  Should  future  deep-«ea  Gouadiiigs  establish  this 
as  a  I'act  in  otlier  aaim  also,  it  will  prove  of  tbe  greatest  value  to 
Bubmariae  telegraphy.  What  may  be  the  thickness  of  this 
cuahion  of  still  water  that  covers  the  botloin  of  the  deep  sea  ie  a 
question  of  high  interest,  but  we  miist  leave  it  for  futiu'e  inves- 
tigation. 

GOi.  The  eoTuemiion  of  the  sea.— In  Chapter  X.  {The  Sallt  o/tho 
Sea),  I  liave  endeavoured  to  show  how  Bea-shells  and  marine 
inseotB,  may,  by  reason  of  the  ofScee  which  they  perform,  be 
regarded  as  compensalionB  iu  that  exquisite  system  of  physiDal 
maehiuery  by  wliich  the  hatmonies  of  nature  are  preserved. 
Bat  the  treasures  of  the  lead  and  revelations  of  the  microsoope 
present  the  insects  of  the  sea  in  a  new  and  still  more  striking 
light.  We  behold  them  now,  serving  not  only  as  compcBsations 
by  which  Ihe  motions  of  the  water  in  ite  channels  of  circulation 
are  regulated  and  climates  sotlened,  but  uetiug  also  as  checks 
and  baluncea  by  which  thu  er^uipoise  between  ihe  solid  and  the 
fluid  matter  of  the  earth  is  preserved.  Should  it  be  established 
tliat  these  mioroscopiu  creatures  live  at  the  surface,  and  are  only 
buried  at  the  bottom  of  the  sea,  we  may  then  view  them  as 
conaorvators  uf  the  ocean  ;  for,  in  tbe  offices  which  they  perform, 
they  assist  to  preserve  its  tlatua  by  maintaining  the  purity  of  its 
waters. 

BOi.  I7w  anti-biotic  viea  ihe  laoat  ttatuTtU. — Does  any  portion  of 
the  sheila  which  Brooke's  sounding-rod  brings  up  from  the  bottom 
of  the  deep  sea  live  there ;  or  are  they  all  the  remains  uf  those 
that  lived  near  the  surface  in  the  light  and  heat  of  »uu,  and  were 
buried  at  the  bottom  of  the  deep  after  death?  PhiiosopbeiB  are 
divided  in  opinion  upon  this  subjeot.  The  facts,  as  tar  ae  they  go, 
seem  at  first  to  E»vour  the  one  conjecture  nearly  as  well  as  the 
other.  Under  these  circumstancea,  I  incline  to  the  auti-biotic 
hypothesis,  and  chiefly  becAUso  it  would  seem  to  conform  better 
with  the  M^isaic  account  of  creation.  The  sun  and  moon  were 
set  in  tbe  firmament  before  the  waters  were  cuumiimded  to  bring 
forth  the  living  creature  ;  and  hence  we  infer  that  light  and  heat 
are  necessary  to  the  creutiuu  and  preservation  of  mai-ine  life ; 
and  einco  the  light  and  heat  of  the  sun  cauuot  roach  to  the 
bottom  of  the  deep  sea,  my  own  conclusion,  iu  the  absence  of 
positive  evidence  upon  the  stibjoot,  lias  bc«u,  that  the  h/ibilat  of 
these  mitus  of  tilings  hauled  up  from, the  bottom  of  the 
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tBop  is  at  and  near  the  surface.  On  the  contraiy,  others  main'  I 
lin,  and  perhaps  with  equal  reascio,  the  biotic  side  of  the  i 
QeBtion,  Professor  Ehrenberg,  of  Berlin,  h  of  this  tatter  class.  1 
6U5,  7^  question  ttaied, — This  is  an  interenting  question.  It  is  I 
new  one :  and  it  helongs  to  thai,  duas  of  questions  which  mero  I 
iacuasion  helps  to  settle.  It  is  therefore  desirable  to  siate  both  J 
sides — present  all  the  known  facts;  and  then,  provided  with  j 
such  light^s  as  they  alTord,  we  may  draw  conclusions.  I 

()0l>.   The  argument  of  Ihe   biotics. — Aa   soon   oa   the    deep^iiea   I 
Bpecimens  were  mounted  on  the  slides  of  the  miuroscope,  the  two   I 
great  maalers  of  that  instrument  in  Enrupe  and  America — Uailcy   I 
of  West  Point,  and  Ehronberg  of  Berlin — diacovered  the  greater    ] 
part  of  the  small  calcareous  earapacet  to  be  filled  witli  a  nuQ.  \ 
pulp,  which  both  admitted  to  be  fleshy  matter.     From  this  fiict 
the  German  argued  that  there  is  life  at  the  bottom  of  the  deep 
sea  ;   the  American  {$  ci87),  that  there  is  only  death  and  repoae 
^^  there. 

^^L  607.  EhretJierij'i  tiaUmeitl  of  ihem. — "The  other  argument," 
^^^■Rfs  Ehrenberg,  ''for  life  in  the  deep  which  I  have  established 
^^Rb  the  Hurprising  quantity  of  new  forms  which  are  wanting  in 
other  pai'ts  of  the  eea.  If  the  bottom  were  nulhi:ig  but  the  ] 
aedimcnt  of  the  troubled  sea,  tike  the  fall  of  snow  in  ihe  air,  and  I 
if  the  biolithic  curves  of  the  botl«m  were  nothing  else  than  the  I 
product  of  the  currents  of  the  sea  which  heap  up  the  flakes,  1 
Bimilarly  to  the  glaciers,  there  would  necetsarilii  be  much  less  of  1 
unknown  and  peculiar  forms  in  the  depths.  The  smfuce  and  the  I 
Iwrders  of  the  aea  are  much  more  productive  and  much  more  I 
extended  than  the  depths ;  hence  the  forms  peculiar  to  the  deptlw  1 
should  not  be  perceivi'd.  I'he  great  quantity  of  peculiar  forms  I 
and  of  soft  bodies  existing  in  Ihe  innumerable  carapaces,  accom-  .1 
panicd  by  the  observation  of  the  number  of  unknowns,  iturragituj  I 
leith  the  depihg — these  arc  the  arguments  which  seem  to  me  to  j 
hold  firmly  lo  the  opinion  of  stationary  life  at  the  bottom  gf  the  1 
deep  sea."  I 

608.  The  anli-bioiic  vieio, — The  aoti-biotios,  on  the  otlior  hand.  1 
quoted  the  observations  of  I'rofoHaur  Forbes,  who  has  shown  that,  1 
the  deeper  you  go  in  the  littoral  waters  of  the  Mediterranean,  i 
the  fewer  are  the  living  forms.  1 

809.  Their  arj/unwnte  based  on  lh«  lidet. — As  for  the  number  rf  I 
unknowns  iaori>aHing  with  the  depth  (g  607),  they  conteud  [hat  1 
tides,  the  ourrente,  and  the  agitation  of  the  wares  all  roach  to  I 
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)  water.  After  rencbing  a 
ilepth,  then  this  eodiment  pafiKes  into  the  Btfutnm  of  quiet  waters 
that  underlie  the  roaring  waves  and  tossing  oiirrcnta  of  tb6 
surface,  and  tlirough  this  stratum  these  organic  remains  slowly 
tind  their  way  to  the  final  place  of  repose  as  ooKe  at  the  hottom 
of  the  deep  aea.  Through  rnich  agencies  the  ooze  of  the  deep  sea 
ought,  said  the  onti-biotica,  to  be  richer  than  that  of  ehallow 
water  with  infusorial  remaioB  ;  mod  and  all  thtf  light  Nedimentaiy 
matter  of  river  waters  are  depOHited  in  the  doop  pools,  and  not  id 
the  shoals  and  rapids  of  onr  frc-sh-water  streams  ;  so  we  ought, 
reasoned  they  of  this  school,  to  have  the  most  abundimt  deposits 
at  the  bottom  of  the  deep  sea. 

610.  On  the  anliifpfic  properlie$  of  tea  water. — The  anti-biotioB 
referred  to  the  antiseplio  properties  of  sea  water,  and  told  how  it 
is  customary  with  mariners,  eepeoially  wiih  the  masters  of  tlie 
sailing  packets  between  Knrope  and  America,  to  "  com  "  freab 
meat  by  sinking  it  to  great  depths  overboard.  If  they  sink  it  too 
deep,  or  let  it  stay  down  too  long,  it  becomes  too  salt  According 
to  thorn,  this  process  is  so  quick  and  thorough,  beoaiise  of  the 
pressure  and  the  afHnity  which  not  only  forces  the  water  among 
the  fibres  of  the  meat,  but  which  aUo  induces  the  salt  to  leave  the 
water  and  Ktriko  into  the  meut :  and  tbat  the  fleshy  part  of  these 
microscopic  organisms  have  been  exposed  to  powerful  antiseptic 
agi^uts  is  proved  by  tlie  fact  that  they  are  hroiigbt  np  in  the 
middle  of  the  ocean,  and  rcniaiu  on  board  the  voNsel  exposed  to 
the  air  for  months  heforu  they  reach  the  bands  of  the  microeoo- 
pist ;  some  of  tht^m  have  remained  so  exposed  for  more  than  a 
year,  and  then  buen  found  full  of  Qenhy  matter  :  a  »m&  proof  that 
it  had  been  preserved  from  pntrefaction  and  decay  by  proMmes 
which  it  bud  undergone  in  the  sea,  and  before  it  was  brought  up 
into  the  air. 

C11.  On  jtretivre. — Thus  the  anti-biotica  held  that  these  little 
oreatuTOS  were  prosorvod  for  a  while  after  death,  and  until  they 
reached  a  certain  depth,  by  salt,  and  afterwards  by  pressure. 
They  hold  that  certain  conditions  are  requisite  in  order  that  the 
decay  of  oiganio  matter  may  take  plat^e  ;  that  the  animal  tissuea 
of  these  shellB  daring  the  process  of  decay  are  for  the  meet  part 
converted  into  gases;  fhat  these  giwos.  in  separating  from  Hxt 
animal  compound,  are  capable  of  eJterting  only  a  certain  meo" 
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uoTOoro;    tlmt  this  furce  is  not  veiy  yrtat ;  and,    I 
j^lexs  it  were  sufficient  To  overcome  tlie  pressure  of  deep-BCa    I 
(aler,  their  Fepar»tioii  (."oiild  not  go  on.  and  that,  tontiequeiitlj",     I 
B  iii  a  aoiiain  depth  in  the  sea  beyond  whiuh  animal  decum-    I 
aaition  or  Tegetablo  decay  caunot  take  place.      In  support  of    I 
',  they  referred  tu  the  well-known  efibcts  of  pressure  in    1 
restiug  or  modifying  the  enorfpes  displayed  by  certain  chemical    I 
initios ;  and  in  proof  of  Iha  position  that  great  compression  in    1 
5a  prevents  putrefaction,  they   referred    to  the  fact  well-    | 
1  to  the  fishermen  of  Nantucket  and  New  Bradford,  viz.,    1 
"■lliat  when  a  whale  thst  they  have  killed  sinks  in  shallow  water, 
s  iLe  process  of  decay  commences,  is  seen  to  swell  and  rise  ; 
but  when  he  sinks  in  deep  water,  the  pressure  is  such  as   to 
^prevent  the  formation  of  the  distending  gases,  and  he  never  docs 
Some  of  these  specimens  have  come  from  deptlis  where  the 
resKurc  is  equal  to  that  of  400  or  500  atmospheres,     tjpecimbns 
|»To  been  obtained  by  Lieutenant  Brooke,  in  tbc  Pacific,  with 
"*'  fleshy  parts  "  among  them,  at  the  de|>th  of  3:100  lathoms,  and 
where  the  pressure  is  nearly  TOO  atmospheres.    We  have  brought 
«p  fleshy  matter  from  the  deep  sea  as  deep  down  as  we  have 
;  and  we  may  infer  that  if  we  were  to  go  to  4000  fiithoms, 
)  should  still  find  pnlpy  matter  among  ibe  dead  orgiuiisraa. 
At  that  depth,  or  a  little  over,  common  atr,  according  tu 
^  Mariolte'fl  law,"  would  be  heavier  than  water,  and  an  air-bubble 
wii  there,  if  any  one  may   imagine  tiich  a  thing,  would  be    J 
Bavy  enough  to  sink.      Under  euch  conditions,  and  with  the   I 
iDtiseptic  agencies  of  the  sea,  the  floRhy  matter  of  these  infusoria   J 
'Bight  be  preserved  at  the  bottom  of  the  dee[i  sea  for  a  great  ] 
ingtb  of  time.  I 

,  012.  AryumcnU  frtun  the  Bible. — Moreover  (§  604),  tJie  unii-  I 
EnotiGs  pointed  to  the  firbt  chapter  of  Genesis  to  show  that  light  I 
F.uid    heat  were    ordained  before   the  waters  were   commanded   I 
'  -to  bring  forth.     Hence  they  maintained  that  light  and  heat  are   I 
'  necessary  to  marine   life.     In   the   depth  of  the  sea  there  is  I 
neither  light  nor  heat,  wherefore  they  brought  in  circumstantial  1 
evidence  from  the  Bible  to  sustain  them  in  their  view.  1 

613,  A  plan /or  tciriny  Ae  qaeatiim. — This  was  an  exceedingly  1 
^^^nteresting  question,  and  wo  could  surest  but  one  way  of  I 
^HSeciding  it,  which  was  this:  Many  of  these  little  organisms  I 
^^Kf  the  sea  are  in  the  shape  of  plano-convex  discs;  all  such,  J 
^^Hrhan  alive,  live  with  the  convex  aide  up,  the  flat  side  down ;   ^ 
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but  wbeu  placed  dead  in  the  water  and  alluwed  freely  to  eiiilt, 
tLu  furuu  uf  gravity  always,  and  for  obvimie  reasons.  c&itMen  all 
eucU  funiis  tu  sink  with  the  convex  side  down.  Brooke's  lead 
will  bring  up  those  eheUs  exactly  as  they  lie  on  the  hottim,  snd 
80  lie  proposed  tti  observe  with  regard  to  their  manner  uf  lying. 
Of  ooui«e,  if  they  lived  at  the  bottom,  they  would  die  as  thejr 
lived,  and  lie  a»  they  died,  for  (§  590)  there  is  nolhiug  to  tam 
them  over  aOer  death  at  the  bottom  of  the  deep  hea,  conse- 
quently their  skeletons  would  be  brought  up  in  the  quills  of  the 
souuiling  machine  flat  side  down,  convex  side  up;  but  if  they 
lived  ttear  the  snifoco,  and  reached  the  bottom  afor  death,  tliej 
would  bo  found  flat  side  up, 

tili.  An  une-jjifcied  solvlicm  afforded.—Bvt,  before  there  wu 
an  opportunity  of  trying  ihis  plan,  Ehrenberg  himself  afforded 
the  solntiou  in  a  most  unexpected  way;^in  examiuing  suiind- 
inga  from  a  great  depth  in  the  Mediterranean,  ho  found  many 
freah-water  shells  with  their  flBshy  parts  still  in  thom,  thou^ 
the  Bpeoimens  wore  taken  from  tbe  middle  of  that  sea.  That 
savant,  with  his  practised  eye,  detected  among  them  Swiaa 
forms,  which  must  have  oome  down  the  Danube,  and  so  out  into 
the  Mediterranoun  hundreds  of  miles,  and  on  jouruej-s  which 
■  would  require  months,  if  not  years,  for  these  slowly-drifting 
oroaturoB  to  aooomplish.  And  so  the  anti-biotics  maintain 
(S  603)  that  their  doctrine  is  cslabliahed,* 

'  In  a  pnper  utmn  tho  i>rgBaio  Ufe-fbrms  ftou  uavxpe«trd  greal  dpptha  of  tiie 
Meililtimiiieun,  (^tnlncd  by  Ouptuin  Sptntt  l^m  <Ie(jp-«'a  »nii]din|;i:  between 
Httltii  null  Cn-W,  in  IHTiT,  and  ruid  \ivltiiv  Ibe  Berlin  Acsdumy,  NuretoW  27, 
ISST,  EhroDbviK  auid,  "  Eitpwiully  «[rikiitg  among  all  the  fonua  of  tho  deep  on 
Ihc  Phylolitliurin,  of  wliifh  Hflj-lwo  Eu  number  ate  foimil.  II  would  not  Lo 
■ImngD  if  tlicBo  Srty-lwo  toimt  wore  spungolilli«,  nm^e  ve  expuct  to  fiml  ajHiJige 
in  the  ten.  Bat  a  Intfo  nuubcr,  nnt  lew  tLan  twenty  kindi  ol'  Pliyiulitluiria, 
are  rnwb-wster  and  land  forma  Hence  tlio  queatiun  ariwe.  H<rw  i«ni«  thew 
Cinuv  into  tlioae  doptJui  in  the  middle  of  tlis  wm  ? 

"  Natundix  onu  lavka  at  lirsl  to  the  Nilo  and  tlie  courts :  but  Uie  sen  currput 
earrici  tliu  turbid  Mile  wnlsT  mstsard;  ror  Ihu  inim<Dt,  nccunling  to  Obtain 
Btnyth,  ^pccinlly  iu  llin  mtddJo  of  tlie  tea,  mil  only  in  tliv  I.cv<ait,  but  i>l«i  in 
Oio  KOthcro  «lgp,  is  clearly  a  constant  mstwiu-dly  one,  BuBidaa,  there  nro 
nmong  tlie  fumia  some  norttiem  onea— g.  g,,  Euiiolia  Modon,  Cami^/laditctii 
dypau,  RUiI  muny  gallioiiBlIa  This  pecnliarity  may,  iwrliapa.  itidiratii  a  loH'er 
return  curranl,  hiU.crto  obHcrvcMl  only  ul  Gibndliu-,  wliiub  pnibnbly  brings  into 
UUH  biiiiin  the  tbrms  l^m  Ihu  Northtni  Europoin  rocks.  Thus,  for  iustnnixr. 
the  Danube  may  bring  the  Swisa  fomui  in  that  circulation.  Bui,  on  the  uthur 
liniid,  a  highly  tlrUdng  sereemGnl  with  tbe  lonm  of  tbe '  tradr-wiud  diut  1* 
uut  to  ba  overlooked. 
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615.  A  diecoBerg'  suggested  by  it. — Having  thus  discovered  that 
the  most  fiail  and  delicate  oi^anitouii  of  the  sen  cuu  reinaiii  in 
its  depths  for  an  indefinite  length  of  time  without  showing  a 
;lo  trace  of  decay,  we  iind  oorijelvoa  possesned  of  a  fact  which 
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>"  lu  reference  to  Uie  qneation  nf  pennaneot  life  in  Ihen  mort  recent  deeji^ea 
■terinUi  it  ma;  bu  obBGrveil,  that  the  formi  which  we  Sod  mo  Bilciiiithingl; 
well  piewrred,  and  in  very  Ituge  ptoportioo,  eomi.-times  rormin);  the  priiici{iul 
iniua  of  tlie  earth;  hotlaai. 

'•  Tlio  striking  tu:!,  mnrcover.  that  cveiy  ooa  who  hns  the  opporlunitj  to 
compare  nucurateljUioinimwfiipiB  forma  of  the  wholi>  Innd  nnH  8e»  ondct  great 
vnritty  of  mrnmialfLnoe  doca,  out  □[  even  the  amalloit  Biieoimeiu  of  the  btittotn, 
dcxluw  so  muoh  tb&t  ia  nt^w  and  pecnhar  to  him.  la  no  light  Icatimony  lei  tliuw 
lliut  the  dt>pth  is  nut  nu'rely  a  collection  of  rnbbisL  aF  llie  dead  enrfuce-like, 
hoflever  mueh  there  miut  lie  of  fnigmenta  wliidi  oaturoll;  imd  undtiiibledly 
depoail  themKlreB  tlicro.  I  haie  coniriilered  Ihia  dnul  remark  ncccsMuy.  be- 
caow  the  distinguiahed  Sca-kuowar  in  Waahinglon,  ofUm  »  kiadl;  Mi|>ply{n£ 
and  inntriiotiiig  me  with  roalerial,  hna  roeently,  in  a  report  on  SulxiecoDic  Oeo- 
gmphf,  tivn  York.  January  8, 1857,  page  5,  and  yet  moie  in  detail  iu  a  late 
private  lytlor,  eipreaiietl  a  view  oppoaite  to  that  here  laid  iluwn  by  me,  in  which 
hiivrcTcr.  1  cannot  eoincide,  tor  the  reanoiu  given  abiive." 

As  t)ie«!  sheets  are  pa-iaing  tlin)Ufi;b  the  prcas  (Not.  £2. 1800).  a  copy  of 
Dr.  Wallvh'B  "  Notre  on  the  Prewace  of  Anuaal  Lif«  in  Vast  lleptlii  uf  the 
Sea."  datol  "  Off  Eorkttll,  JJoir.  8,  1860,"  has  been  plaoad  in  my  htinds.  From 
tliia  intereetiBg  tiioiiognL|>h  it  ai^Karn  that  Gnptaio  Sir  Leopold  M'Cliutork, 
during'  hia  leount  aurvoy.  in  II.  M.  rteanter  the  "Bulldog,"  of  the  telcgrapbio 
roale  via  Greenland,  bmughl  lip  iivmg  ator-Ssh.  adHering  to  Uie  de^)-«ea  line. 

"In  Bounding.*'  aaya  the  doctor,  p.  22,  "not  qnite  midwaf  between  Capo 
Farewell  and  Roirkidl,  iu  1'.^  bthoma,  whilst  the  aouoding  apparatue  brought 
up  an  ample  apeoimun  uf  cnarte  grittj-loukiug  matter,  eoanisting  of  uhoitt  95 
pec  cent,  of  clean  (^Miit^rTnii-ahellB,  a  uomber  of  atar-Setica,  belonging  to  the 
genua  Ojihiuivma,  come  np,  adhereat  to  the  lowuat  50  Githoma  of  the  deep-ava 
Ihie  nuployud." 

TUcxe  &lBr-GKbes  were  alive.  Tbi'y  oantimied  to  move  about  forupwardiofa 
qoerler  nf  an  hour.  TIip  "roil  and  llght-pinh  colounid  tintu  "  being  aa  clear 
and  brilhaut,  tnya  tlie  diiclor.  at  Km  in  their  coHgeuen  inhabUing  ilt  (Wfoio 
iraleri  •rhere  the  lun'j  ro>r*  penetrate  /reelj/. 

One  or  the  aninuilii  was  disaecled.  which  woa  found  to  differ  in  no  reaped 
I  )i  '^j,  aa  mi^Hrdj)  inlemul  anntomf ,  from  the  apccivs  inhabiting  aballow  wHior. 
Hr  Tounl  in  the  alimentary  cavity  numeruua  Clobf^enna-ahelk,  luuie  or  leea 
fl9mpletely  tKtd  of  tbcir  aoft  couluuta. 

f  Theoe  contenta.  and  the  bringing  np  of  the»e  living  apepimena,  ia  held  by  the 
^Votlca*'  to  bo  proof  conclusive  as  lo  Uie  ciistcni^  ufanuaiU  life  intliedeptha 
Ofthaaea. 

So  far  tram  setUmi;  the  qiwilioii,  Ihcae  atar-fialjot  knve  it,  I  submit,  exactly 
ns  il  WHB  bi-roru.  Tliey  won  nut  brought  np  by  the  arming  of  the  Imd.  They 
wore  ailhering  to  the  line  by  their  own  mlitjon.  They  tiitght  have  tahun  held 
wtlu  bottom.  Uit 
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BiiggcHte  niiui,v  bcantifiil  fancies,  Boia^  toiichiiig  tliuughts,  and  a 
few  useful  ideas ;  and  among  tlicse  Ifiat  arc  found  reatione  for  tlie 
conjecture  that  tbe  gutla  t>erclia  or  other  ineutaling  mftlerikl  in 
which  tlio  condnoting  wires  of  the  sub-Atlantic  telegraph  and 
other  deep-sea  linos  are  incased,  becomes,  when  lodged  beyond  a 
certain  depth,  impervious  to  the  powej«  of  decay  :  that,  witi  the 
wuighl  of  the  sea  upon  them,  the  eleBtrnctiv«  agents  which  are 
so  butty  npon  oi'ganio  matter  in  the  air  and  near  the  rarfiuJs 
oannot  find  room  for  play.  CuriuuB  that  deBlrnotioii  and  deoaj 
chould  be  imprisoned  and  rendered  inoperative  »t  the  bottom  of 
tjie  great  deep ! 

G16.  ^n'mens  of  the  three  oceans  all  tell  the  tame  slon/. —  Speuj- 
mena  of  the  ■'  ooze  and  bottom  of  the  sea "  have  also  been 
obtained  by  the  ingenuity  of  Brooke  from  the  depth  of  2700 
fathoms  in  the  K(>rth  I'acific.  and  examined  by  Profesaor 
Bailey.*  We  have  now  had  Bpecimens  from  tlie  bottom  of 
"blue  water"  in  the  narrow  Ciiial  Sea,  the  broud  I'acific,  and 
the  long  Atlantic,  and  they  all  tell  the  same  slory,  namely,  thit 
the  byd  of  iho  ocean  is  a  vast  ceiiietery.  The  ocean's  bed  has 
been  found  everywhere,  wherever  Brooke's  sounding-rod  has 
touched,  to  be  soft,  consisting  aliiioHt  entirely  of  the  remains 
of  infusoria.  The  Gulf  Stream  has  literally  strewed  the  bottom 
of  the  Atlantic  with  theKe  microscopiu  bholls ;  for  the  Coast 
i»utvey  has  caught  up  the  same  infuwria  in  tlie  Gulf  of  Moxioo 
and  at  the  bottom   of  the  Gulf  Stream  off  the  ahoiea  of  ths 


to  owouat  for  their  being  nfluat  an  flir  out  nl  boo  ;  Imt  how  oflcn  nre  froga  and 
fiiliiw  (blind  nnder  Mmuustaamt  and  in  mnditiimB  which  mniuit  be  Bcvonnted 
fnr!    Tiiuir  coming  out  oTthn  sen  rullicnut  tu  the  line  proves  nothing. 

Bat  Uie  cmtture  liwl  (Jlu^^rnnt-shi'lla  in  its  itiimBtih ;  tluTcrorp,  my  tho 
lrioti<»,  liiiae  bLcIIb  mast  alw  bave  tlvpd  at  the  dc[ith  of  1300  Iktiioni*.  Not  n ; 
irbvrcvvr  ilip  Btur-flsli  lived,  he  muvt  have  food,  and  hu  conlil  collect  llieaa 
miles  of  tliiugB  iia  well  near  the  top  na  tli«  botlum  of  tlic  sen. 

Iti  iwntfflnital  Btrueturr,  nnd  Ihc  bnlliancy  of  il«  colour— rod  and  pink — 
sDcin  to  provfl  the  aiiU-iiotie  viow  qnitt  ru  nueli  as  the  othw  drounntunow  of 
Iho  mm  t'rnve  the  Halle. 

Life  in  tbn  depthi  of  Ibe  ten  la  an  intereating  iiucBUon,  and  the  plnn  which 
■oemi  motit  capivbln  of  lettllng  ft  haa  Iiei^n  ultntdy  suggval^l.  vida  J  CIS. 

•  "  W«l  IViIhn  N,  T_  Jiooufy  »,  IbM. 

"  Mv  MiAH  Sin. — I  have  exnininod  with  luni^h  pleaaum  the  highly  intereBl- 
iiig  Bpt^uimEUK  oollccled  by  Lieutenant  Btuokp,  of  the  United  status  Knvj. 
which  jron  kludJy  sent  me  for  nuCToBoapio  analfslB,  oud  I  will  imw  htiefljr 
ri!i>arl  to  fon  the  renillB  of  general  interest  wliicb  I  have  obtujiiisl,  ImflngUia 
oaumumtion  of  thu  orgnuii}  cuntenla  and  Ihu  deicripHun  or  nuw  aprclM 
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\  Carolinns  that,  Brooke's  appAmtva  broiigbt  up  from  tbe  bottom  of 
B  Atlantic  off  the  Irish  coast. 

,  Their  mi^iiMtiotu.—Tlie    imubradeil  appeaninco   of  these 
ifaells,  and  tlie  abnoat  total  abaenco  among  them  of  any  detritus 


cuinplet«  account,  which  1  hope  luoii  to  publiih.    The  Bpcciiuvos  ex- 
nlned  bj-  mu  ki^tb  oh  follows,  vii. : 

No.   1.   Seo  botuim,  2700  rnthomg :  Int.  5(P  4G'  N„  long.  168°  18'  E.; 
light  np  JqIj  19,  1855,  by  I-iaulenaiit  ItroolcF,  Tritb  Bn»kv's  lenii. 
No.  2.  Sea  bolKmi.  1700  fslUowB ;  lat  60^  15'  N„  long.  170^  53'  E.; 
'  Intnight  op  M  abuvc.  Jul;  20,  1856. 

*■  No.  3.  Bea  botUmi,  9U0  lklliutD» :  tampertitoni  [deep  aea)  32^,  Soxton ;  lat. 
00^  30'  N„  long.  175'  E. 
"  A  CHTuriil  stud;  of  tliD  nbovc  Bpocimcna  gave  the  following  rcanlb : 
"  1«L  All  the  ■pcL'tmuna  ouatHia  RoniH  minernl  matter,  vhicli  diminishes  in 
Ttiui:  to  tbe  depUi,  and  whioh  conidHla  of  minute  aagular  puiidea  of 
x,  lioiablQndc;  fcltlipot,  and  mica. 
|''2nd.  In  the  d(«(>c«t  nuadiiigE  (No,  1  and  No.  2)  there  la  tbe  Uatt  miiieml 
"■£!,  the  organic  nmtceitB,  wbicb  are  the  aame  in  all,  predominatiag,  wtiite 
reiene  ia  true  of  No.  3. 
[  *■  Stil.  All  theae  apocinicDS  ore  very  rirh  in  the  ailidouB  iilidia  of  the  Dlato- 
e,  which  are  in  an  admirable  state  of  preacrratian,  frequently  with  the 
^TtB  unitetl,  and  ewa  re tuiniiig  llie  remoioa  of  the  sofl  parti. 
i*4th.  Among  the  Dintoniea  the  DUist  oiinKpicueui  (unax  are  the  large  imd 
wtifiil  dim  of  isTeial  spMJee  uf  coHHiimliwuii.    There  is  iiIbo,  beaidea  maiij 
'^  a  largo  mimbLT  of  a  odw  apFciei  of  rhizosolecia,  a  new  aj'ncli-Ddriimi,  D 
if  ohntueeRM.  with  furcate  homt.  and  a  bvautiful  Hpocies  of 
aaletoniplialus.  which  I  propnK  to  (all  AstfromphnlUB  Brookci,  in  bonoot  of 
Lieulciiaiit  Broiike,  to  whnae  ingcmiiiUB  device  for  obliiining  deep  aoaDdiugi, 
and  to  whon  iiuliwlry  nnd  zeal  in  luing  it,  ne  ale  iodebtoil  for  thcw  and  maiiy 
otiier  treiiaurM  uf  tbe  deep. 

"3th,  TliH  speoimL'UB  oiitnin  a  muBidcmblQ  number  of  iQiciooe  qijculoa  nf 
epongaa.  ood  of  the  beoutifid  Hiliui<nu  iibi<lU  of  tbe  polyciatineie.  Among  the 
latter  I  hnvo  ttotied  (broutella  olutlinta  uf  Ehteaberg,  a  form  orcurring  fre- 
quentlj  in  the  AtlunUc  aouodingi.  I  hare  al»  notiGed  in  all  these  wMiudingB, 
uwl  shHll  hereafter  describe  and  flgnre.  sevenl  apecica  of  eiicyttidiuni,  bali- 
I'lilyptni.  H  iieriuhLtioiilJum.  a  utjitoiliclyo,  and  man;  others. 

"(lib.  1  liure  not  breu  able  t»  dvtixil  oven  a  fiagmcnt  of  an;  of  tlie  r«lca- 
rcous  shells  uf  the  pal;lhalamia.  Tliia  in  renintksble  thim  the  striking  oon- 
tnul  it  prcaeulB  to  the  deep  soundings  of  the  Atlantic,  whioh  are  chiefly  made 
up  of  tliean  uili>ans>ua  faims.  This  diOorenco  cannot  be  doe  lo  temp^mtare. 
OS  it  is  wi-li  knowu  that  polytbnlamia  arc  abnndant  in  tlie  Arctii^  fkna. 

"7111.  Tht«e  dupoailH  of  Toionwnipic  ocgaiiisios,  in  their  lichncsj,  extent,  and 
ll  luUtadtis  at  wliidi  th";  oorur.  n«rmb1e  these  of  tlic  antiircti 
aU'iiuv  bug  been  prorcd  b;  Elirenbi-rg,  and  tlie  occurrenw 
ionndiugB  of  B|xvks  of  astcmnphalUB  and  cliietuoiuui  i 
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from  the  sea  or  foreign  matler,  enggeet  most  forcibly  the  idoa  '* 
perfect  repose  ut  tbe  bottom  of  the  deep  sea.  Soma  of  fha 
specimeuH  are  aa  pure  and  as  free  from  the  saud  of  tJie  sea  as 
tiie  fi'eshly  fallen  snow-flake  is  from  the  dust  of  the  eartli. 
Tudeod,  these  soundings  surest  the  idea  that  the  eea,  like 
the  snow-cloud  with  its  flakes  in  a  calm,  is  always  lotting  fall 
upon  its  bed  showers  of  ihete  microscopic  shells ;  and  we  may 
readily  imagine  that  tbo  "sunless  wrecks,"  which  strew  ita 
bottom,  are,  iii  the  process  of  ages,  hid  under  this  fleeoy  cover- 
ing, presenting  the  ronnded  appearance  which  is  seen  over 
the  tody  of  the  traveller  who  has  perished  in  the  snow-storm. 
The  ocean,  especially  within  and  near  the  tropics,  swarms  with 
life.  The  remains  of  its  myriads  of  moving  things  are  conveyed 
by  currents,  and  scattered  and  lodged  in  ihe  course  of  time  all 
over  its  bottom.  This  process,  continued  for  ages,  bus  covered 
the  depths  of  the  ocean  as  with  a  mantle,  consisting  of  oi^anisma 
aa  delicate  as  the  macled  frost,  and  aa  light  in  the  water  as  is 
down  in  the  air. 


polBf  foraiB,  but,  di  X  have  recently  detenuiiied,  occur  iilso  in  Uie  Gulf  ol 
Meiim  and  along  the  Oulf  StiBBta. 

"8lh.  Tbe  perfect  oondition  ol  tbe  organiua  in  these  Bounilinga,  and  tha 
fuct  thai  aomc  ortliem  retain  their  Botl  po^ti[>D^  iudirate  tbut  Uii^y  nere  laj 
recently  in  a  living  conJition,  but  it  docw  nut  fullovt  tlint  tb<^j  ncrH  living  wImb 
collected  at  encb  iomienie  dcptluL  Aa  among  them  ure  tinas  nliiob  are  koowa 
to  livo  along  Lhe  gborcs  lu  puramlefl  apon  tbe  algn,  eie„  it  is  certain  that  a  pot- 
tioii.  at  least,  liavij  been  cnirieU  by  oceunio  currciitB,  by  drift  iw-,  by  nninnd* 
wbidh  hsTe  fed  upon  them,  or  bj  otber  agenta,  to  tbcir  present  position.  It  !• 
beaco  probable  tbut  all  went  removed  from  ehallower  wnters,  in  whiehthe^ 
once  lived.  Tbi-ac  forms  aro  ao  minnla.  and  would  flont  ao  for  »ben  bnoyed  up 
by  tbc»  gBBca  evolveil  duriog  dccampoaition.  tlmt  liiere  w"uld  be  oothing  itn- 
prikiag  in  finding  tbem  in  auy  part  of  the  ot'ean,  even  if  tbcy  were  nnt  Iniia- 
jKirted,  as  it  la  certniu  thijy  ofltn  are,  by  tbe  agents  above  reftcrcd  ta 

■Stii,  Id  conelusion,  tt  18  to  be  hoped  tbut  tbu  example  set  by  Lieotenaut 
Brooku  will  be  followed  by  otbeta,  and  tbat.  in  all  nttrmpts  to  nuke  daop 
lonndJags,  llie  tDiirt  tu  bring  up  a  portloD  of  the  bot'.am  will  be  made.  The 
■onudingB  liuin  aojr  piict  of  tbe  ocean  aro  sure  In  yield  sometbing  of  iiilereit  to 
RiicTMeopic  BCalynis,  and  it  i«  us  yet  impossible  to  tull  what  important  icanllB 
may  yet  flow  from  thtTir  atudy. 

"The  above  i>  itidy  a  prelimmary  notieo  of  tbe  aouniUngs  referred  to.  I 
Bhall  piinccd  witbout  ilelay  to  describe  and  flKUie  the  bigbly  inleteeting  and 
Bovul  forma  wliicli  I  have  dBtocled,  imd  I  bopo  soon  to  bave  tlmm  ready  for 
publication. 

"YoBTB,  very  respectfully,  "J.  W.  BAanr.'' 

-  LMDiOHnt  IL  F.  XAVrnt.  SgOoBtX  OtHrrUutf .  WiiUiiBtw  Ctif .  D. 
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618.  The  teork  of  re-adaptati<m,  how  carried  on. — The   waters 

of  the  Misaisfiippi  and  the  Amazon,  together  with  all  the  Ktreaois 

and  rivers  of  the  world,  both  groat  and  Bmtill,  hold  iu  Eolutiun 

LiTge  quaiitities  of  lime,  soda,    iron,  and  other  raatiur.     Tbey 

H'diBciiui'ge  annually  into  the  Bea  an  amonnt  of  this  soluble  matter, 

vwhich,  if  precipitated  and  collected  into  one  solid  luai^,  would 

R.iio  doubt  surprise  and  aBt*>nish  even  the  holdent  spectUator  with 

lite  magnitude.      This  soluble    matter    cannot  be    evuporated. 

pOnce  ill  the  ocean,  there  it  must  remain ;  and  as  the  riveiK  are 

mtiniially  pouring  in  fresh  supplies  of  it,  the  Bnn,  il  has  been 

~,  must  continue  to  become  more  and  more   salt.     Now 

rivers  convey  to  the  sea  this  solid  matter  mixed  with  fresh 

nter,  which,  being  lighter  than  that  of  the   oceun,  remains 

isideruble  time  at  or  near  the  surface.     Here  the  micro- 

BOopio  organisms  of  the  deep-sea  lead  are  continually  ut  work, 

secreting  this  same  lime  and  soda,  etc.,  and  extracting  from  the 

sea  water  all  this  solid  matter  as  fast  as  the  rivers  bring  it  down 

^H^ud  empty  it  into  the  seu.     Thus  we  haul  up  from  the  di^ep  sea, 

^^■Hiecimens  of  dead  animals,  and  recognize  in  them  the  renminB 

^^■f  creiitures  which,   ibough  invi)iible  to   the  naked  eye,  have 

^^Bevertbeloss  assigned  to  them  a  most   important   ofRce   in  the 

^^^hyei^^ol  economy  of  the  universe,  viz.,  that  of  regulating  the 

^^^■tltness  of  die  sea  (%  48fl).     This  view  suggests  many  contem- 

^Hpations.     Among  them,  one,  in  which  the  ocean  is  presented 

ia  a  vast  cheniicul  bath,  in  which  the  solid  parts  of  the  earth  are 

washed,  filtered,  and  precipitated  again  as  solid  matter,  hut  in 

a  new  furm,  and  with  fresh  properties.     Doubtless  it  is  only  a 

idaplation — though  it  may  be  in  an  improved  fonn — of  old, 

1  perhaps  eOete  matter,  to  the  uses  and  well-being  of  man. 

I  specTilations  merely ;  they  may  be  fancies  without 

1,  but  idle  they  are  not,  I  am  snre  ;  for  when  we  come 

)  consider  the  agents  by  which  the  physical  economy  of  this 

r  earth  is  regulated,  by  which  this  or  that  result  is  brought 

jUt  and  accomplished  in  this  beautiful  system  of  lomisirial 

raugomoDts,  we  are  utterly  amazed  at  tie  offices  wliich  have 

Ben  perfoimed,  the  work  which  has  been  done,  by  the  am- 

olcnlae  of  the  water.     But  whence   oome  the  little  eilicioUB 

L  calcareous  shells   which    Brooke's   lead   has  br<;iiigbt   up, 

Wia  pruof  of  its  sounding,  from  the  depth  of  over  two  miles  ?    Did 

y  live  in  the  surface  waters  immediately  above  ?  or  is  their 

Hiiue  rauute  part  of  the  ssa,  whence,  at  their  death, 
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the  cnirentE  were  xont  forth  as  pall-bearere,  with  the  ccimm 
to  deposit  the  dead  corpses  whei-e  llie  pluniiiiet  fonod  theiu, 

619.  Animii!eaI<B  at  the  sur/aee  of  Ifie  Kca. — Fellow-Iftboui 
Foster,  and  Tojnbee,  and  PioKzi  Smyth,  art  beginning  to  dip 
into  the  wirfaee  water  of  the  sea  for  its  animaiculie.  They  am 
making  interesting  diaooveries,  and  have  gone  qaite  far  e 
to  show  ihat  this  field  is  exceedingly  rich,  and  that  laboure 
it  are  greatly  needed.' 


CHAPTER  XV. 
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621.  Practical  rBtulta  of  pkymeal  retearchea  at  tea. — Plate  1 
80  fer  as  the  winda  are  concerned,  is  Biippleiuenial  to  P\aX^ 
The  former  shows  the  nionsjon  regions,  and  indio<it«§ 
prBvailing  direction  of  the  winds  iti  every  part  of  the 
the  latter  indicates  it  generally  for  nny  latitude,  witliniit  regard 
\a  any  particular  scA.  Flat«  VIII.  hIijo  exhibits  the  principal 
routes  across  the  ocean.  This  plate  indicates  the  great  practical 
lesiilts  of  all  the  labour  connected  with  this  vast  nystem  of 
research ;  its  aim  ia  the  improvement  of  navigaiion  ;  ito  end, 
the  shortening  of  voyages.  Other  interests  and  other  objects, 
nay.  the  great  cause  of  hnman  knowledge,  liave  been  promoted 
by  ii;  but  Ihe  advancement  that  has  been  given  to  these  do 
not,  in  this  utilitarian  t^o,  and  in  the  mind  uf  people  so  emi- 
nently practical  as  mariners  are,  stand  ont  in  a  relief  half  bo 
grand  and  imposing  as  do  those  achievements  by  whicli  the 
distant  iules  and  marts  of  the  sea  have,  for  the  ooDTcnienco  of 
commerce,  been  lifted  up,  as  it  were,  and  brougbt  closer  togethay:^ 
by  many  days'  sail. 

632.  Time4ahle». — So  to    shape  the  course  on  vo3'Bges  ■ 
make  the  most  of  the  winds  and  currents  at  sea  is  iho  perfee 
jf  ihe  navigator's  art.     How  the  winds  blow  and  the  c 
flow  along  this  route  or  that,  is  no  longer  matter  of  opinion  or 
subject  of  speculation,  htit  it  is  a  matter  of  certainty  determined 
by  actual  obser\*aiion.     Their  ducction  has  been  determined  for 
months  and  for  seasons,  along  many  of  the  principal  roulos,  with 
all  the  ftccurmsy  of  which  results  depending  on  the  dootrine  c 

*  Bl'h  paper  "  Oti  tlic  Miniiti.'  loLiibitaiite  uf  tUc  BurGkcc  of  the  Ocvan,"  I 
Qiptam  Henrj  ToynlH*,  F.BA.S,    [Naui  Mngnjiiip,  ISCO '  " 
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cbaDces  are  capable ;  and  farther,  these  reeults  arc  so  certain 
ihat  tliero  is  no  longer  any  rocra  for  the  mariner  tn  be  in  doubt 
as  to  the  bej>t  route.  ^V'hca  a  navigator  undertakes  a  voyage 
now.  he  does  it  with  the  lights  df  exjierience  to  guide  him. 
Tlie  winds  and  the  weather  daily  encountered  by  hundreds  who 
linve  sailud  uii  the  same  voyage  before  him.  with  '*  the  distance 
made  guod  "  by  e^i  one  from  day  to  day,  have  been  Iflbnlated 
in  u  work  called  IJailing  Direatiana,  and  they  are  &a  arranged 
ihal  he  may  daily  see  how  much  lie  is  ahead  of  time,  or  how  far 
behind  time;  nay,  hiu  path  has  been  literally  blazed 
tiuough  the  winds  for  him  on  the  Heu ;  mile-posts  have  been  set 
IVp  on  the  waves,  and  tinge r-boardij  planted,  and  tirae-tablea 
'Juratshed  for  tbo  triickleas  waato,  by  which  the  tthip-raewti-r,  even 
tm  his  first  voyage  to  any  port,  may  know  an  well  as  the  most 
esperienced  trader  whellier  ho  be  in  the  right  road  or  no. 

ti23.  Clone  nmaiiuj. — From  New  York  to  (he  usual  croBsing  ot 
the  equator  on  the  route  to   Kio,  the  distance,  by  an  air  line, 

about  3400  miles ;  hut  tlie  winds  and  ctirrents  arc  snob  as  to 
iroo  the  Itio  bound  vessel  ont  of  this  dii-cet  line.  Neverlholesa, 
have  been  mapped  down,  studied,  and  diBOiissed  so 
tiioronghly  that  we  may  oompnte  with  remarkable  prociBion  the 
detuur  that  vessela  attempting  this  route  from  New  York,  or  any 
other  port,  would  have  to  make.  This  computation  Bhows  that, 
instead  of  3400  miles,  the  aotual  distance  to  be  aooompUt.hed 
through  the  water  by  vesfiok  under  canvas  on  this  part  of  the 
voyage  is  4093  miles.  More  than  a  hundred  sailing  veesels  have 
tried  it  by  measuring  and  recording  the  distance  actually  sailed 
from  day  to  day;  their  mean  distance  is  4009  miles,  consequently 
actual  average  differs  only  six  miles  from  the  computed 

624.  .1  detidaratam  oh  tkip^toard. ^The  best  navigated  sleam- 
dkips  do  not  sail  closer  than  this,  and  a  better  proi>f  of  the 
wy  of  onr  knowledge  concerning  the  prevailing  direction 
t  the  winds  at  sea  conld  not  be  afforded.  Unfortunately,  ane- 
lometers  are  not  used  on  shipboard.  Had  they  been  in  common 
a  there,  and  bul  we  been  furnished  with  daia  for  determining 
e  force  of  the  wind  as  well  as  its  direction,  we  could  compute 
6  time  oe  well  as  the  distance  required  for  the  accomplishment 
t  any  given  voyage  under  canvas.  Thus  the  average  time 
iqaired  lo  soil  from  Sew  York  to  the  equator  might  bo 
*  P.  116,  Till,  ii,  Mauj'B  Snilliig  Directiinis. 
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computed   wiUuQ  an  bour,   for  it  has  been  oomputfid 
an  hour's  sail— six  miles  (§  623). 

1)2  j.  How  }xuii»age»  hare  been  ehortened. — By  the  knowledge  &ws 
elaborated  frum  old  and  new  log-books  and  placed  before  tlie 
nautical  world,  the  average  pass^;e  from  Europe  or  the  Ututed 
States  to  all  ports  in  the  sonthem  hemisphere  has  beeu  shortened 
ten  days,  and  to  California  a  month  and  a  half.*  Betwoen 
England  and  her  golden  colony  in  the  South  Seas  the  time 
required  for  the  round  voyage  has  been  lessened  fifty  days  or 
more,  and  from  Europe  to  India  and  China  tho  outward  passage 
hue  bt^en  reduced  ten  dayo.  Such  are  some  of  the  aubievemeots 
that  commend  this  beautiful  aystem  of  research  to  the  utili- 
tarian spirit  of  the  age. 

626.  J'artsaiiinj,— The  route  that  affords  the  bravest  wintU, 
the  lairest  sweep,  and  the  fastest  running  for  ships,  is  the  ruut« 
to  and  from  Australia.  But  the  route  which  most  tries  a  ship's 
prowess  is  the  outward-bound  voyage  to  California.  The  voyage 
to  Australia  and  back  carries  the  clipper  ship  along  a  route  which 
for  more  thiin  300°  of  longitude  runs  with  the  "  brave  west  winds  " 
of  the  southern  hemiaphere.  With  these  winds  alone,  and  with 
tho  bounding  seas  which  follow  them,  tho  modem  clipper,  with- 
out auxiliary  power,  has  accomplished  a  greater  distance  in  a  day 
than  any  sea  steamer  has  ever  been  known  to  reach.  liunning 
before  these  fine  winds  and  heaving  sens  those  ships  have  per- 
fonued  their  voyages  of  circumnavigation  in  GO  days. 

627.  Tlie  Imtgcnl  voyage. — The  sea  voyage  to  California,  Colum- 
bia, and  Oregon  is  the  longest  voyage  in  the  world^longeat  both 
as  to  time  and  distance.     Before  these  researohes  were  extended 

•  "During  the  Ust  year  [1859]  the  Stheditimi  or  Monry's  Soiling  Directions, 
in  two  quHtto  Tolumcs,  lias  been  published  st  the  OiMeTratury  in  Wnshlngton. 
It  sffimls  abtuulaiil  uviilcoce  of  Uie  nctivity.  to  wkich  alluakia  boa  iilitodj  bven 
tnode,  in  tltii  field  of  rcBeurch,  aud  with  regard  ta  wliiuh  all  gougraptifiis  fed 

"  OffloiiU  bkUa*  hu>e  been  received  from  Sun  Franciwn,  ibfiwing  tLe  veaaels 
that  have  arrived  at  tbat  port  daring  the  year,  with  Uie  lenglli  of  pasai^  Of 
OiOBO  MTiving  direct  viS  Cape  Horn,  124  were  from  tho  AtUntic  ports  at  the 
United  Btntt-s,  and  34  frum  Kurupc.  Of  these  124. 70  are  kuowii  lo  bate  faad 
the  Wind  and  Cnmint  Charts  on  board;  their  svurage  passage  was  135  days. 
,  whiob  U  11  duya  leu  than  the  average  of  tliose  from  Ihe  Unili-d  Stules,  anil  Zl 
liaja  leas  thim  the  average  of  tlioao  from  Europr  inlAoul  tlie  Cluiiit,  Vbeu 
tlu»e  reHinrcljea  cotnuienaod,  llie  guni'ml  uveritge  wni  18(1  diijA  tronx  tho 
Unlt«l  t^bilea,  and  ISa  from  Eurupo  to  Cnlifumia," — Joarnal  Ainenatn  0«o- 
graphieal  Soalelj/. 
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to  the  tides  and  tjurrpnte  along  that  route,  tlie  averoge  passage 
both  from  Europe  and  America  t*>  our  norlli-west  coast  v 
than  180  days.  It  has  been  reduced  to  as  to  average  trtily  136 
days.  This  route  is  now  so  well  established,  and  the  winds  < 
the  various  climates  along  it  so  well  understood,  that  California 
bound  vessels  sailing  al>ont  the  same  time  from  the  various  porta 
of  Europe  aud  America  are.  if  tUey  be  at  all  of  like  prowess, 
almost  sure  to  tall  in  with  and  speak  eauh  other  by  the  way. 

fi23,  ObtlTuclioHS  to  the  wivigaior. — The  calm  bells  at  sea,  like  ' 
mountains  on  the  land,  stand  mightily  in  the  way  of  the  voyager.  . 
but,  like  moim tains,  they  have  their  pusses  and  their  gaps.  In  ths 
regions  of  light  oira,  of  baffling  winds,  and  deceitful  aurreiit«,  thtt 
seaman  finds  also  his  manihes  and  his  "  mud-holes  "  on  the  water, 
liut  these,  these  researches  have  taught  him  how  best  to  pass  or 
entirely  to  avoid.  Thus  the  forks  to  his  road,  its  tuniiij(!:s,  and 
the  crossings  by  the  way,  have  been  mo  clearly  marked  by  the 
TFinda  that  there  is  scarcely  a  chance  for  him  who  studies  the 
""  fhts  before  him,  and  pays  attention  to  directions,  to  miss  hia 

1.  PlaU)  rail.— The  arrows  of  Plate  VIII.  are  supposed  U> 

ith  the  wind;  the  balf-beardeJ  aud  half- feathered  afTOwa 
e  monsoons  or  pericdie  winds  ;  the  dotted  l>auds,  the  regions 
of  calm  and  baiUing  winds.  Monsoous,  properly  speaking,  are 
^winds  which  blow  one  half  of  the  year  from  one  direction,  and  the 
'  half  &om  an  opposite,  or  nearly  au  opposite  direction,  Th« 
of  the  changing  of  tliese  winds,  and  their  boundaries  at  the 
lUs  seasons  of  the  year,  have  been  discussed  in  such  numbera, 
and  mapped  down  in  such  characters,  that  the  navigator  who 
wishes  to  lake  advantage  of  them  or  to  avoid  tliem  altogether  is 
no  longer  in  any  doubt  as  to  when  ood  where  they  may  be 
found. 

C30.  DtterU. — Lot  us  commence  the  study  of  the  calm  belts  aa 
lliey  are  represented  on  Plates  I.  and  Vlll.  The  monsoons  and 
tnule-winds  are  also  represeatfid  on  the  latter,  they  often  occupy 
the  same  region.  But,  turning  to  the  trade-winds  for  a  moment, 
we  see  that  the  belt  or  zone  of  the  south-east  trade-winds  is 
broader  than  the  belt  or  zone  of  north-east  trades.  This  pheno- 
menon is  explained  by  the  fact  that  there  is  more  land  in  the 
northern  hemisphere,  and  that  most  of  \hi>  deserls  of  the  earth — 
as  the  great  deserts  of  Asia  and  Africa — ai'e  situati.'d 
or  behind  the  north-east  trades ;  so  that,  as  these  desei-ta  become 
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more   or  less  heated,  there   is  a  call— a  pulling  Ijack,    if  yon 
please— upon  these  trades  to  tuni  about  and  restore  the   equilj- 
briam  which  the  deserts  destroy.     There  being  few  or  no  fiH^^ 
regions  in  the  rear  of  the  south- east  trades,  the  Bouth-east  td^^| 
wind  force  prevnile,   and   carries  them  over  to  the  oofn^^l 
heiuiephere.  ^^^1 

681.  Diurnal  rotation.— We  see  by  the  plate  that  the  no 
opposing  cuireiits  of  wind  called  "the  trades,"aro  so  unequally 
balanced  that  the  one  recedes  before  the  other,  aud  that  the  cur- 
rent &om  the  southern  hemisphere  is  lai^er  in  volume ;  t.  «.,  it 
moves  a  greater  zone  or  belt  of  air.  The  south-eaat  trade-winda 
discharge  themselves  over  the  e({Uator~-i.  e.,  across  a  great  circle 
— into  the  region  of  equatorial  calms,  while  the  north-east  trade- 
winds  discharge  themselves  into  the  same  region  over  a  parallel 
of  latitude,  and  consequently  over  a  small  circle.  If,  therefore, 
we  take  what  obtains  in  the  Atlantic  as  the  type  of  what  obtains 
entirely  around  the  earth,  as  it  regards  the  trade-winds,  we  shall 
see  that  the  south-east  trade- winds  keep  in  motion  more  air  than 
the  north-east  do,  by  a  quantity  at  least  proportioned  to  the  dif- 
ference between  the  circumference  of  the  earth  at  the  equator 
and  at  the  parallel  of  latitude  of  '.>"  north.  For  if  we  suppose  thrf 
those  two  perpetual  currents  of  air  extend  the  same  distance 
upward  from  the  surface  of  the  earth,  and  move  'with  the  same 
velocity,  a  greater  volnmo  ^om  the  south  should,  as  has  ah'eady 
been  shown  (§  3^),  flow  acrot^s  the  equator  in  a  given  time  than 
would  flow  from  the  north  over  the  parallel  of  9°  in  the  same 
time  ;  the  ratio  between  the  two  quantities  would  be  as  radius  to 
the  secant  of  9°.  Besides  this,  the  quantity  of  land  lying  within 
and  to  the  north  of  the  region  of  the  north-east  trade-winds  is 
much  greater  than  tlie  quantity  within  and  to  the  B<:>uth  of  the 
region  of  the  south-east  trade-winds.  In  consequence  of  this,  the 
moan  level  of  the  earth's  snrface  within  the  region  of  the  north- 
oust  trade-winds  is,  it  may  reasonably  be  supposed,  somewhat 
above  the  mean  levid  of  that  pari  which  is  within  the  region  of  the 
Mintb-eant  trade-winds.  And  as  the  north-east  trade  winds  blow 
under  the  influence  of  a  greater  extent  of  land  surface  than  the 
south-east  trades  do,  the  former  are  more  obstruoted  in  their  couisa 
than  the  latter  by  tlie  fureiits,  the  mountain  ranges,  unequally 
heated  surfaces,  and  other  such  like  obstacles. 

6.S2.  The  land  in  the  northern  hemiipliiTe That  the  land  of  the 

northern  hemi^jihere  does  assist  to  turn  those  winds  is  rendered 
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still  more  pi'obable  fitim  this  circumstance :  All  llic  groat  deserts 
are  in  the  northern  hemisphere,  and  the  laud  surface  is  ako 
much  greater  on  our  side  of  the  equator.  The  action  of  the  sun 
upon  ihefie  unequally  ahaorbing  iitid  radiating  siirlaces  in  and 
behind,  or  to  the  northward  of  the  north-east  tradeH,  tends  to 
check  thuae  n'lnds,  and  to  draw  in  large  volumes  of  tite  atmo- 
eplicre,  that  otherwise  would  be  moved  by  them,  to  supply  the 
H*  ^rtial  vacuom  mode  by  the  heat  of  the  snn,  aa  it  poura  down  its 
^1  JUya  upoa  the  vast  plains  of  burning  RiiniU  and  unequally  heated 
1  sur&ces  in  onr  Dverheuled  hemisphere.  The  north-west 
inds  of  the  southern  are  iilso,  it  muy  bo  inferred,  stronger  than 
luth-west  winds  of  the  northern  hemisphere. 
iiG33.  Why  Ike  toatheoit  tradai  are  llw  Klnntijtr.— That  the  aouth- 
it  Irade-wiods  should,  us  obseivalions  (§  a43)  have  shown,  be 
rougcr  than  the  nurlh-east  trade-winds,  is  due  in  part  also  to 
6  well -established  fact  that  the  soulhem  (§  44ti)  in  cooler  than 
e  northern  hemisphere.  The  isolhermal  lines  of  Dovd  show 
Hi&t  the  air  of  the  south-east  is  also  cooler  than  the  air  of  the 
north-east  tiade-winds.  Being  cooler,  the  uir  froni  the  cool  side 
would,  for  pnlpable  causes,  rush  with  greater  velocity  into  the 
equatorial  culm  belt  than  should  the  lighter  Mr  from  the  warmer 
or  northern  side.  The  fact  that  the  air  in  ihe  lower  latitudes  of 
the  southern  hemisphere  is  the  cooler  will  assist  to  explai 
other  conirasts  presented  by  the  meteorological  conditions  on 
sides  of  the  equator.  Plate  XIII.  shows  that  we  have 
e  calms  and  more  fogs,  more  roiiia  and  more  gales,  v 
mnder,  on  our  side  than  on  the  other,  and  that  the  atmosphere 
s  il^  condition  of  unstable  equilibrium  with  much  more 
biformity.  being  subject  to  changes  less  frequent  and  violent  on 
B  suathside  of  the  equator  than  on  the  north  side. 
_P  634.  Their  mi/ormily  uf  Impwoiiwe.— The  highest  summer 
temporatuin  in  the  world  is  to  be  found  in  the  extra-tropical 
countries  of  the  north.  The  greatest  extremes  of  temperature  are 
also  to  be  found  among  the  valleyn  of  the  extra-tropical  north. 
In  the  eJttta- tropical  south  there  is  but  little  land,  few  valleys, 
and  much  water ;  consequently  the  temperature  is  more  uuiform. 
changes  arc  less  sudden,  and  the  oonsequent  commotions  in  the 
kir  l(:ss  violent. 

^  6S5.  Tht!  mean  place  of  the  erpiatorial  calm  bcU. — Followiog  up 
vith  their  suggeslions,  we  discover  the  key  to  many 
a  which  before  were  lucked  up  in  "the  chambeift.of  ■ 


the  south."  The  belt  of  equatorial  calms  which  eepaiBlM[i^| 
two  Bystems  of  trada- winds  is,  aswe  kiiow(S  296),  vai-iable  mala 
its  position.  It  is  also  variablo  in  breadth.  Sometimes  it  ctntffs 
a  space  of  several  degrees  of  latitude,  sometimes  not  more  thu 
one.  Its  southern  edge,  in  spring,  sometimes  goes  dowu  to  5°S.; 
its  Dorthem  edge,  in  aulumn,  often  mounts  up  t<i  the  pamllel  of 
15°  N.  The  key  to  these  phenomena  has  heen  found  j  with  it  ia 
hand.  lot  us  proceed  to  unlock,  first  remarking  that  the  tneni 
position  of  ihe  equatorial  calm  belt  in  the  Atlantic  is  between 
the  equator  and  9^  K.,  and  that  as  it  is  there,  so  1  assume  it  to 
be  in  other  oceans. 

636.  Never  <U  rat. — This  calm  belt  is  produced  by  the  meeting 
of  the  two  trade-winds,  and  jt  occupies  striotly  a  medial  pottitJOd 
between  them.  It  is  in  the  baroiuelrio  valley,  betwctn  the  two 
iHtromutric  ridgon  (§  C(J7),  from  which  the  trade-winds  flow.  If 
one  "  trade  "  be  stronger  than  the  other,  the  stronger  will  pro- 
vail  BO  far  as  to  force  their  place  of  meeting  over  and  crowd  it 
back  u]>on  the  weaker  wind.  It  is  evident  that  this  place  of 
meeting  will  recede  before  the  stronger  wind,  until  the  momeii- 
turn  of  the  litroDger  wind  iti  so  diminished  by  resistjinee,  and  its 
Htrengtb  tio  reduced  tis  exactly  to  be  counterbalanced  by  tbe 
weaker  wind.  Then  this  calm  place  will  become  slationsty,  and 
80  lemain,  until,  from  some  cause,  one  or  the  other  of  the  meeting 
winds  gains  strength  or  loses  force  ;  then  the  elrunger  will  presa 
upon  the  weaker,  and  the  calm  belt  will  change  place  and  adjust 
itself  to  the  new  forces.  The  changes  that  are  continually  going 
on  in  the  strengtli  of  the  winds  keep  the  calm  belt  in  a  trembling 
slate,  moving  now  to  the  north,  now  to  the  sonlh.  and  always 
shifting  its  breadth  or  its  place  under  the  restless  conditions  of 
onr  atmosphere. 

637.  The  calm  belta  oeextpy  medial  poeiCions. — The  southern  half 
of  the  toiTid  zone  is  cooler  than  the  northein,  and,  parallel  ibr 
parallel,  the  south-east  trade-winds  are  oonsequontly  cooler  than 
the  north-east.  They  both  blow  into  this  calm  belt,  where  the 
air,  expanding,  ascends,  flows  off  above,  produces  a  low  barometer, 
and  so  makes  room  fur  the  inflowing  ourrent  below.  Now  if  the 
txade-wind  air  which  flows  in  on  one  side  of  this  calm  belt  be 
heavier,  whelbor  fium  temperature  or  pressure,  than  the  trade- 
wind  air  which  flows  in  on  the  other,  the  wind  from  the  heavy 
side  will  be  the  etronger.  This  is  obvious,  for  it  ie  evident  that 
if  the  diS'ertsnoe  of  temperature  of  the  aeoending  ooltunu  and  Hit 
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infloivtng  air  were  scarcely  perceptible,  the  diSerence  of  epecifio 
gravity  between  ihe  iuflowing  wind  and  tlie  uprieing  uir  wunld 
bo  scarcely  perceptible,  and  llio  niovemout  of  the  inflowing  wind 
would  lie  Tery*gentle ;  but  if  the  difference  of  temperature  were 
■very  great,  tbe  difference  of  specific  gravity  would  be  verygriiat, 
and  the  violence  of  the  innishing  wind  proper! ionably  great. 
Because  the  eouthem  half  of  the  torrid  zone  is  the  cooler,  the 
difference  ia  temperature  between  the  air  of  the  calm  belt  and 
the  air  of  the  trade-winds  ie  grettter,  parallel  for  parallel,  in  the 
eoulh-eaei  than  jo  the  north-eaet  trade-winds ;  eoneequeutly,  the 
south-east  trade-winds  should  be — as  observationB  show  them  to 
be — litrongcr  than  the  north-east ; — and  consequently,  also,  their 
meeting  should  take  phice,  not  upon  the  equator,  bnt  upon  that 
aide  of  it  where  the  weaker  winds  prevail,  and  this  is  also  in 
accordance  (§  343)  with  faots. 

638.  Shrenglhofihe  tratte-mnda  tarifa  with  Uie  aeasotu. — It  follows 
from  these  premises  that  the  winter  trado-winds  should  be 
stronger  than  the  summer.  In  onr  summer,  the  air  which  the 
north-east  tiude-winds  put  in  motion  has  its  temperature  raised 
and  brought  more  nearly  up  to  that  of  the  wr  in  the  calm  belt. 
At  the  same  time,  tho  temperature  of  tbo  air  which  the  south- 
east  trade-winds  put  in  motion  is  propoiiionahJy  lowored.  Thus 
they  increase  in  strength,  while  the  north-east  diniiiitsh ;  the 
consequence  is,  they  push  theit  place  of  meeting  with  the  north- 
east  traiiea  far  over  on  this  side  of  the  equator,  and  for  two  or 
ihi*eD  months  of  the  year  maintain  the  polar  edge  of  the  calm  belt 
as  high  up  as  the  parallel  of  16°  N.  lint  with  the  change  ot 
ML'asons  these  influences  are  all  transposed  and  brought  into  play 
on  opposite  sides— only  in  the  southern  summer  the  strength  of 
the  south-east  and  the  temperature  of  the  noi-th-esst  trade-winds 
are  diminished  so  as  to  admit  of  tho  edge  of  the  calm  belt  being 
pressed  down  only  as  far  as  5^  instead  of  16"  S.  The  causes  which 
piHjduce  this  alternation  of  ti-ade-wind  strength  are  cumulative  ; 
consequently,  the  north-oast  ti-ade-winds  should  he  weakest  in 
August  or  September,  strongest  in  February  or  March,  a/ler  the 
iod  of  maximum  heut  in  one  case  and  of  n  '   ' 


6S9.  Sailing  Onrough  them  in  fall  and  vinter. — In  the  other  hemi- 
sphere, the  period  of  strongest  trades  is  coincident  with  thatuf  the 
minimum  in  this.  Thege  deductions  are  also  confirmed  by  observa- 
tons;  for  such  is  the  difference!  as  to  strenpth  and  legulaii^  oi 
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the  north-east  trado-winds  in  September  and  Fobruar7, 
average  paaeoge  throiigb  thein  from  New  York  to  the  line  iffj 
daj-B  in  the  winter  against  38.8  in  the  lall  mxjnth, 

SiQ.  A  Ihermal  adjiutmetit. — Thus  it  appcarB  that*  the  o<ina1orial 
calm  belt  ia  made  to  ehjft  its  place  with  the  seoHoiiH,  not  by 
reaeon  of  the  gretitcr  intensity  of  the  solar  ray  in  the  latjinde 
where  the  calm  belt  may  be  at  that  eeasDii,  but  by  reason  of  t&e 
annual  variations  in  the  enorgy  of  each  sysfein  of  trades  ;  whidi 
variations  (S  638}  depend  upon  the  changes  in  the  tempenttoie 
nud  barometrio  weight  of  the  air  which  each, system  puts  JD 
motion.  This  calm  zone,  therefore,  may  be  considered  aa  a 
Ihemud  adjutlmenl — the  dynamical  null-belt — beiieetn  the  trade~mnd» 
of  the  txBQ  hemitphera. 

641.  The  hnrometer  in  the  trade-teiTids  and  eqantorial  ciilmg, — The 
obaervations  on  fho  barometer  at  aea  (§  858)  shed  light  on  thie 
subject.  According  to  the  Dutch,  that  inBtnunent  stands  higher 
by  0.065  inch  in  the  southeast  than  it  does  in  the  north-east 
tj-ade-winda.  According  to  (he  obBervations  of  American  navi- 
gators, it  stands  0.050  inch  higher,*  The  former  delerminatioB 
is  derived  from  80,873,  the  latter  from  ISDtl  observations ;  there- 
fore 0.055  inch  is  entitled  to  most  weight.  The  trade-winds  are 
best  developed  between  the  parallels  of  5°  and  20°.  The  mean 
barometrio  pressnTO  between  these  parallels  is  29.!)G8  inches  for 
the  north-east,  and  30-023  inches  for  the  south-east  trade-wiDds; 
while  for  the  calm  belt  it  ia  29.015  inches.  The  pressure,  there- 
fore, upon  the  air  in  each  of  the  trado-winds  is  greater  than  it  is 
in  the  calm  belt ;  and  it  is  this  difference  ofjireeeure,  from  whatever 
cause  arising,  that  gives  the  wind  in  each  system  of  trades  its 
velocity.  The  difl'erence  between  the  calm  belt  and  trade-wind 
presaure  is  0.108  for  the  south-east  and  0,053  for  the  north-east 
According  to  the  barometer,  then,  the  south-east  should  bo 
stronger  than  the  norib-east  trade-winds,  and  according  to  actual 
observations  they  are.^ 

642.  E^erimenls  in  U\e  Freneh  JVany,— Now  if  we  lifceo  the 
eqnatorial  calm  belt  with  its  diminished  pressure  to  a  fomace, 
the  north-eaat  and  the  south  .east  trado-winds  may  be  not  inaptly 
compared  to  a  pair  of  double  bellows  that  are  blowing  into  it.  In 
eieess  of  barometric  pressure,  the  former  is  a  bellows  with  a 
weight  of  S.8  lbs.,  the  latter  with  a  weight  of  7.8  lbs.  to  the 

•  Msury'8  Sailing  DirwtionB ;  "  Barometrio  Anomuliua  off  Oupo  Hum." 
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eqiiai'e  foot.  It  is  this  pressure  which,  like  the  weight  upon  tJie 
^eal  beUows  in  the  smithy,  keeps  up  tile  steady  Iilaat. ;  aodaii  the 
effective  weight  upon  the  one  systeui  of  traUea  is  about  double 
that  upon  ihe  other,  the  onu  under  the  greatent  presBure  should 
blow  witli  nenriy  double  the  Btrength  of  the  otter,  and  this 
appears,  both  from  actual  obBervatiune  and  calcolalions,  as  welJ 
as  from  direct  esperiuienia  ordered  in  the  French  brig  of  war 
"Zebra,"  by  Admiral  Chabannes,  to  be  the  caae.* 

I     *  Letter  to  Admiml  Ohabnuubs,  with  eitmats  from  bis  reply  thomto : — 
^  '  Obwrrtbirr.  WutalngUm.  aih  A|nil.  ISM. 

^b''Mv  VEAJi  Admibai., — M;  liut  was  dated  IStb  Jonaikr;  ultima.  I  hupe  tbe 
^fcirts  aud  vol.  L,  Hth  cd.  Sniling  DirectiiniK,  and  part  of  vol  li.  in  tlii'  iliceta, 
Bmie  bi£bI;  to  band.  Vol.  ii.  is  Jiut  out,  nnd  I  hiuten,  ia  boinage  or  m; 
^■qKct,  aud  at  a  tuken  of  good-will,  lo  lay  u  oopy  before  you. 
H**  Permit  me,  if  yon  pleaao,  to  cnll  your  aCtuiition  to  the  chapter  on  the  '^m- 
^Kvf  Fnrra  of  the  Trade-uimU,'  p.  SST.  and  vspecially  lo  liie  bible  uf  oompiuo- 
Hfce  ipued  (of  aailiag  veawli)  tbrough  the  ourtb-eoat  aud  soutli-uuijt  tnLde-wiuds 
Hctiie  Atlaolio,  p.  HiS,  Tbe  aveisge  speed,  yuu  obaerve.  is  nrarly  tlie  Bame, 
^^KwithBlauding  that  through  ths  nouth-out  trades  thu  wind  ia  an.  throngb 
^Be  Dorth-euit  just  atufl  the  beam. 

^B  "  lu  order  to  treat  Ibia  qucatioa  thorongbly,  it  is  very  desirable  to  kaon  the 
^HKrenee  in  the  spued  of  rcsaeU  wbcD  sailiug  with  tbe  aame  wind  aft,  with  it 
^■HrterinB-  yiOx  it  a  prant  or  two  abufl  tljv  beajn,  and  with  it  cloae  hauled. 
^|Btb  a  good  aeries  of  cxpenmeals  upon  Ihia  flibject.  we  tibould  be  able  lo  arrlTa 
^Bdoflnite  omdunouB  with  regard  lo  Uie  average  diflereuce  in  forte  not  only  of 
^H>  two  sygtems  of  Irado-windi,  but  of  the  wiuds  gencndly  ia  vaiioui  parts  of 

^B  "If  we  BJKiuae  that  a  wind  ivbi<3b.  being  dead  aft,  drives  a  vessel  at  tbe  rate 
^B  ux  knot^  wiU,  wben  brought  nearly  abeam,  drive  her  eight  knot* — aa  ia 
^■la  pbapler  I  bare  BiipposL-d — and  then  if  wu  apply  tbu  dyiuunic*)  law  of  tba 
^Blbtance  incrcadng  aa  Uje  squHrea  of  the  velocity  tit  the  iliip,  wo  aliould  be    ' 
^Bi  lo  tlie  remarkable  conolusina  timt  tbe  arerage  velocity  of  the  north-east 
^K  Muth-east  trades  of  tbe  AUnutle  is  as  3G  to  81.    Thorefure,  iti  oendtigluig 
Hbek  ei)wrinu3Dt&  it  would  be  very  dcsitnble  lo  knew  Uie  am  of  oinraa  that 
Hkiily  ft-eb  the  wind  wbco  it  is  oii  and  the  area  upon  which  the  wind  blows 
KAen  the  ship  ia  ItaultNl  up.     t^tQee  it  to  say,   that  tbe  tacts  which  we 
■Brcady  have,  iniUi-ate  tiiat  Ihe  south-oosl  tradns.  both  of  the  Atlautiu  and 
Ifedian  OcaiDS  are  ficebcr  than  tba  nortli-rasl  trades  of  tbe  Atlantic.    Hay  wo 
^Ubr  trom  tbia  that  tbe  soalh-casl  trades  of  tbe  Pacific  are  also  freeher  than  the    | 
^Erth-eaat  liadcs  of  that  ocean  f    If  wa  may  so  infer,  aud  bo  right,  than  tliere 
^Bjuolher  step  which  we  may  take  with  boldnen,  and  pnuiounce  the  atmoephe- 
^Bal  ciroulation  of  tbe  ouuthem  hemisphere  to  bo  much  more  active  than  that    i 
^Bthe  northern.    And  having  reacbiid  thia  round  in  the  ladder  up  wbiuh  I  aiii    . 
^Hvleitiug  yiiu  to  BCcoiupany  me,  we  ore  prt^pored  to  paiue  and  tidce  a  view  of 
^fene  of  the  Dew  phyaical  ospecta  which  Ibeoo  fiicls  and  Ibis  rvasuning  spread 


344      FHYSIOAI. 

643.  Diffureaee  in  lon»  o/fA*  haronielrie  preeture  upon  the 
and  south-eaiil  Irade-mndt. — V\'ith  theee  baroDietric  ubservati<MM| 
und  Uie  asHumed  Tact  that  the  meciD  pressure  of  the  alraosphen  W 
15  lbs.  upon  the  sqiiftre  inch,  we  may  readily  determine  in  teas 
the  total  by  which  the  BUperincumbeut  preBSure  upon  t.ho  eontli- 
east  trade-winda  between  the  parallels  of  5°  and  20°  exceeds  tfarti  j 
tipon  the  north-east  between  corrosponding  parallela. 
whole  girdle  of  the  earth,, the  eicesa  of  pressure  upon  the  : 


^^k  "  Pardon  me  for 


eos  UMfc>a 


"That  tho  ntmnqiherieal  ciroiilation  is  more  active  in  the  inutbcr 
tbe  DOTthora  hGmfapheie  a]^>earB  to  be  indicated  nbo  by  tlie  "  bnivt  ni^at  wiDdA**^ 
of  the  eitiBr-tmpicsl  soutli.'  IF  tbe  oirpurfonua  ilB  circuit  more  rapidly  throng 
one  sTBtem  of  troda-winda  Oian  the  other,  tlien  it  follow!  tliat  it  must  perfiKiii 
iU  otrcait  taoTB  nipidl;  aJao  along  tlioaii  regions  tlinmgh  whicti  it  hw  to  [hws  la 
□rdei  lo  reach  each  rapid  trades.  Qmscqaently ,  there  should  be  a.  great  diflbr~ 
ence  bi>t«eeti  the  gules  of  tlie  nortiiem  aitd  those  of  the  soutliem  liomisphbie. 
If  we  suppose  the  genenil  circulation  of  tho  northern  heniitipii ere  lo  be  sluggtab^ 
tlie  air  in  its  cinnuts  tliero  woidd  bsire  time  to  tarry  bj  tlw  way,  as  it  were,  and 
to  blow  gnlCB  of  wind  from  nil  pinnta  of  Ihe  cempan.  Ou  tbe  conttnrj,  if  ^la 
general  tunndationof  tbe  soutliom  bcmisplicro  l>e  briak  and  actiTe,  the  air  In  iti 
general  droaila.  like  a  fast  train  on  tba  railway,  would  not  have  so  mnch  time  to 
t)UT7  by  the  way,  becunsp,  libe  the  cats,  it  musl  kr  up  to  time.  Hence,  odniit- 
ting  this  view  of  tbe  matter  to  bo  correct  (and  you  perceive  that  for  the  want  of 
tbe  experiments  allndeil  In  we  are  groping  in  tlie  darknea  of  eonjcvture),  tbongb 
wemighteipoot  gnlesof  wind  in  tbe  eitra-lropicalregioosof  thesoatli.yet  Ui^ 
would  for  tho  moat  port  blow  vjHh  tiie  provaihug  direction  of  the  wind,  and  not 
agabft  it  Thns  tbe  galea  on  tho  polar  aide  of  Capricorn  sbould.  pariicDlorly  at 
sea.  hnTO  wcatiug  in  tliom  alwaya — ulraoBt. 

"In  TOtrobonitiDn  of  this  view,  I  rauy  mention,  on  the  authority  of  a  paper  just 
received  from  Lieutenant  Van  Qogh,  of  the  Dutch  Navy,  that  tho  galiv  of  wind 
which  take  place  between  Ihe  raeridiuns  of  it"  and  32"  E..  and  between  tho 
parallels  of  BST  and  37°  8..  have  been  dtMOsaed  at  the  Metoorologicn]  lasdtata 
of  UtrceliL  For  tbtg  purpose  he  tabulated  tbe  romlts  (br  the  wholo  yoor  of 
17.B10  ob«ervalionfr--an  obserrntion  comprehending  a  period  of  eight  houw, 
Aeeordiug  in  those  obeurvnliona,  It  ie  binwing  n  gale  of  wind  offthe  Capo  d 
Good  Hope  7'16  per  cent  of  tho  whole  year,  and  Ixom  tbe  following  quartelai 
inmely,  between  S.N.W.  and  S.B.W.  6.43  per  cent :  from  all  otbtr  qnartei^ 
0,78  per  cent. 

"  Perhaps  you  may  find  it  convenient  to  inatitnle,  with  eomeof  the  vemeUrf 
your  lleet,  a  rrgultir  seriee  of  cxpcrimenta  in  tho  south-eaat  trodoH  upon  speed, 
wlion  sailing  at  Torioua  anglea  with  tbe  courae  of  the  wind.  Boaidee  answering 
— ■  immediate  purpose,  the  reanlla  migbl  tioable  Us  to  oonrert  ships  into  T( 
for  all  wiiide  except  gnles. 
for  beine  so  Iciioiis  upoo  Uiis  subject    It  you  have  felt  la 
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east  trade-windfl  is  1,235,250  miUioru  of  Uiub.  This  ia  the  fluper- 
incQinbent  weight  or  pressare  which  ia  ni^iug  the  aouth-east 
Intde-winds  forward  ftuster  than  the  nortlietuit.  It  iit  inoou- 
ceivalily  great;  and  to  bring  it  within  oumprehenslble  terms,  the 
mnriner  h'III  be  a«loiusbed  to  hear  that  the  weight  of  atmosphere 
which  ia  bearing  down  upon  the  deck  ofa  fir>jt-c]ass  clipper  ship 
is  l.'i  or  20  tons  greater  when  he  is  Bailing  in  her  throagh  the 
south-east  tlmn  it  is  when  he  is  sailing  in  her  through  the  north- 
east trade- winds. 

644.  Wk^  thfbarfimeler  ihouid  gland  higka-  in  the  toiUh-etut  than  ia 
thenorih-tatl  ir<ule-ieitnU.'~-The  question  now  suggests  itself,  Why 
should  the  barometer  stAud  higher  in  the  south-east  than  it  does 
in  the  noith-east  trade-winds?  The  theory  of  a  cronsing  at  tbe 
calm  bolts  ufibrda  the  aui«wi;r.  The  air  which  the  north-east 
I  trade-winds  deliver  into  the  calm  belt  ia  not  as  lieAvily  Ituien 
I' with  moistuit)  as  that  of  the  sonth-enst  tnidus.  It  is  not  as 
Mvily  laden  for  two  reasons ;  one  is,  the  south-east  tradti-wind 
alt  is  brodder  than  the  north-eust ;  consequently,  in  the  former 
lore  air  in  contaot  with  the  evaporating  surface.  In  the 


t  to  m;  rlugire  to  get  li;  itcliuil  vipi<riuii-Dt  bd  oxprcMion  ia  the 
of  Hhipu  fur  Uiu  ai-laitl  finre  and  veluvily  of  tho  wincli. 
Wiilutig  jruii  nil  nioocaa  nnil  gaA  ludi  ia  Uie  iiirt»tigalioa  which  ;ou  hare 
lumd,  pray  boliofo  me^  my  doir  udniirBl,  joitn  rerj  tialf, 

"M.F.  MAimr 

Extract  from  a  letter  in  rtiplj  to  IbH  fon^^oing  : — 

~  MoDtcTidco.  1900117  "i- 1  ita. 
.—  •*•"  As  yoa  hare  indicated  to  mo  in  your  letter 
April,  I  lute  caiued  lo  lie  randi^.  by  n  brig  of  my  diriainn,  elperimantj  upon 
ootDpamtire  velodtic^  wind  nball  and  wind  ftbeam  with  a  giren  ron;«  of 
1,  but  I  hare  tu>t  yot  boeo  able  In  deduce  auy  positire  rule,  the  expurUoents 
not  haviiig  been  suAicioiitly  mullipliuil.  I  oin.  howerer,  gtre  aa  ■  rcault  tbkt 
thii  inorease  of  tiaulway  ^ven  by  wind  ftlwani  over  the  headway  with  wind  oft 
hu  litea  a  little  Ihm  than  two  kiiolai  when  tbe  idonity  with  wind  aft  Was 
fruin  6  to  8  knots.  Ihe  force  of  the  wind  aft  might  bo  czpmwd  by  i,  and  of  the 
wind  ahvata  by  0.    •    "    *    •  "(.'.  db  CsABAinfB." 

Jiut  in  time  for  iosertiou  here,  I  mecire  ttrxo  tho  gallant  admiral  the  aab- 
toinod  Tttj  mluable  and  intereating  aeries  of  experimeota  on  the  qxnd  of  bis 
ahip :— drsl.  before  the  wind,  i.e.  sixteen  pniuta,  and  bo  on  for  evvry  two  points 
tr>  ail,  and  eloae  haoled.  At  eight  pointt  the  wind  is  abism  and  at  ngbl  anglM 
with  the  ooune  of  the  Bhip ;  at  t«a  It  ii  two  poiataabuftthebiNUD.  Ftomthean 
aiperiDieala  we  infer  that  an  anrage  lailer  that  goea  ui  knot*  bdbia  Uiair' 
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next  place,  the  north-east  tmde-wind  belt  includea  more  Uoil 
within  it  iliau  tlie  »c)utli-ea«t;  toiisequpntly,  when  thp  two  vhida 
arrive  at  the  calm  belt,  they  are,  for  this  roasun,  also  iinaqnallf 
charged  with  moisture.  Now.  when  they  rise  up  and  precipitate 
this  moieture,  more  heat  ie  liberated  from  the  Bouth-eaat  than 
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from  the  nortli-east  trade-wind  air;  the  latter,  therefore,  after 
rising  up,  is  the  cooler  and  tbe  more  compact ;  and  as,  by  the 
theory  of  the  crossinga,  it  flown  off  to  the  south  as  an  upper 
current,  il  presses  upon  the  barometer  with  more  weight  than 
and  more  moist  air  that  feeds  the  current  whieh  is 
id  counter  to  the  north-east  trades.  There  is  not  in  the 
whole  range  of  marine  meteorology  a  single  well-esiahlished 
it  that  ia  inconsistent  with  the  theory  of  a  croBsing  at  the  calm 
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645.  Coiaehjtmt. — The  geological  record  alFords  evidence  that 
the  climatoB  of  the  earth  were  once  very  different  from  what 
they  are  now;  that  at  one  time  intDrtropical  climates  extended 
far  np  towards  the  north ;  at  another  time  polar  climates  vuacUed, 
with  their  icebergs  and  their  drift,  far  down  towanls  the  equator; 
that  in  remute  ages  most  of  what  we  now  call  dry  land  was 
covered  with  water,  for  we  find  on  the  mountains  and  far  away 
in  the  interior  of  continents  deposits  many  feet  thick,  con- 
sisting of  sea-shells,  marine  animals,  and  organic  productions  of 
many  sorts.  These  fossils,  marks,  and  traces  indicate  that  since 
iheir  day,  ages  inconceivably  great  have  elapsed,  Not  only  so: 
the  lines  of  drift,  and  boulders,  and  gashes  with  which  the  earth 
is  scored  and  strewed,  afford  reason  for  the  conjecture  that  there 
have  been  cataclysms,  in  which  the  waters  have  swept  from  north 
to  south,  and  i^ain  from  south  to  north,  bearing  with  them  ice- 
bergs, huge  blocks  of  stone,  rubble,  drift,  and  sediment  of  various 
sorts.  Lieutenant  .lulien,  M.  Lo  Hon,  and  M.  Adht'mar  have, 
with  much  ingenuity,  treated  of  this  subject.  They  maintain 
that  our  earth  has  a  "  secular  "  as  well  as  an  annual  summer  and 
winter;  that  these  "Beenlar"  seasons  depend  upon  the  pre- 
cesfiion  of  the  equinoxes,  and  tJist  the  length  nf  eacli  ia  con- 
sequently 10, £00  of  our  years;  and  that  it  is  the  melting  of  the 
the  "  secular  "  season  of  one  hemisphere,  and  their 
ngelatiun  in  the  "  secular  "  wintei'  of  the  other,  that  causes  a 

ih  of  the  sea  from  one  hemisphere  into  the  other;  and  so 

cataclysms  are  produced  at  regular  intervals  of  10,500  yeam.   la 

consequence  of  the  inclination  of  the  axis  of  the  earth  to  the 

plane  of  its  orbit,  we  have  our  change  of  seasons ;  and  in  conse- 

Uiptioity  of  that  orbit,  the  spring  and  summer 

hcDusphere  are  at  present  longer  than  those  of  the  southern. 

isa  of  time  that  the  sun  tarries  on  our  side  of  I 

Mtor,  tbe  amdiiem  nigtUa  we  ^vltnged,  to  that  tiw  nighfc  of  i 
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the  Boutfa  pule — the  antarctic  winter — is  annually  a  week  longer 
(S  ;i66)  tlian  the  arctic.  Thna,  during  tLe  period  of  lii,bO()yean, 
tha  autarotio  regions  will  experience  142  yeam  of  night,  or 
winter,  in  the  aggregate,  more  than,  the  arciio.  Therefore  it  is 
manifest,  say  tho  eaiadyntatitita,  that  though  the  two  hemiEpherea 
do  receive  annually  the  same  amount  of  solar  heat,  yet  the 
amount  dispensed  by  radiation  is  very  much  gi'eater  on  one  side 
of  the  equator  than  the  other.  The  total  eA'cct  of  the  alternate 
cooling  down  on  each  side  of  the  equator  causes  an  accumulatioii 
of  ice  at  tho  pole — when  the  nights  are  longest — sufficient,  say 
they,  to  disturh  the  centre  of  gravity  of  the  earth,  cauEing  it  to 
take  up  itfl  position  on  the  icy  side  of  the  equator.  As  the  ioe 
accumulates,  so  is  the  wator  drawn  over  from  the  opposite 
hemisphere.  Such,  hriefly  stated,  is  the  theory  which  has  found 
very  ingenious  and  able  advocates  in  the  persons  of  MM,  Julien* 
and  Adhemnr.f 

64G.  Are  the  climalei  of  the  earth  changingt — This  theory  is 
alluded  to  hero,  not  for  the  purpose  of  discussion,  hut  for  the 
purpose  of  directing  attention  to  certain  parts  i.>f  this  work 
in  connection  with  it,  as  t'hoptars  VII.  and  XXI.,  for  example, 
and  of  remarking  upon  the  stability  of  terrestrial  climates. 
Though  the  temperate  regions  be  cooler  in  the  southern  than  in 
the  northom  hemisphere,  it  does  not  appoar  certain  that  tho 
climates  of  the  earth  are  now  changing.  Observations  upon  the 
subject,  however,  are  lacking.  The  question  is  one  of  wide- 
spread and  exceeding  interest ;  and  it  may  bo  asked  if  we  havo 
not  in  the  strength  of  the  trude-winda  a  gauge,  or  in  their 
barometrio  weight  an  index,  or  in  the  equatorial  culm  belt  a 
thermometer — each  one  of  the  most  delicate  construi;tion  and 
sensitive  character — which  would,  within  the  compass  of  humaii 
life,  afford  unerring  indications  of  a  chunge  of  climates,  if  any 
BUcli  change  were  going  on?  If  the  temperature  of  Uie  S.EI. 
trade-winds,  or  the  barometric  pressure  upon  tl'e  N.E.  (S  041), 
were  to  lie  diminished,  the  8.E,  trades  would  force  this  calm  belt 
still  farthpr  to  the  north,  and  we  might  have  a  regular  rainy 
season  in  what  is  now  the  great  desert  of  Sahara  j  for  where  this 

*  OoaiBDts  ct  B^volnliuas  da  rAtmcwphire  et  de  In  Mcr,  Kimprcnimt  luw 
TUorie  nouiells  hut  lea  JX'Iuges  Pdhoiliiiues.  Par  Felix  JuUcn,  LieutCDMit  do 
Vaiawsu.  etc.     Paris,  1860. 

t  B^lutioDS  dc  In  Mi3i.    IWiiigea  Pcliodiqnes.    Pai  J.  AiHifmiir,    Tliiia, 
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calm  bolt  ia  (S  517}  there  ie  ihc  doiid-ring,  with  ils  constiintpie- 
cipitatioQ.  I'hGrefore,  if  there  be  axiy  indtcHtioiis  that  the 
m\itheni  edge  of  the  gi'eat  desert  is  grtidiuilly  ap]>roachitig  the 
cqufttur,  it  would  favour  the  suppositiou  ihat  the  euulhem 
lieniisphere  is  griiwing  warmer ;  but  if  the  indicatiuDB  be  that  the 
boutliem  edge  of  the  deaurt  is  receding  from  the  equator,  then 
the  fact  would  favour  tlie  GtippuKitiun  that  the  southern  hcmi- 
^iicre  is  growing  etill  cooler.  Nor  are  these  the  only  l&taheta 
which  a  study  of  this  calm  belt  and  of  the  winds  enableH  us  to 
lift. 

G47.  Temperaiitre  of  the  Irade-windt  attd  calm  belU. — Theory  ang- 
gestfi,  andobsorvation.as  far  as  it  goes,  tjeoms  to  confirm  the  SQ^BB- 
tion,  that  llie  N.E.  andS.E.  t.rade-winJa  enter  the  equatorial  calm 
belt  at  the  eame  temperature.  I  have  followed  100  vessele  with 
—.their  thermtimeter  acroaa  the  equatorial  calm  belt  of  the  Atlantic, 
r^d  another  100  octobb  it  in  the  Pacific.  Assuiuing  its  mean 
'poxitiun  tebeas  these  observationH  indicate  it  to  he — viz.,  between 
the  parallels  of  3-*  and  9"  N. — the  mean  temperature  is  81°  at 
its  nurihem,  8I°.4  at  its  southern  edge,  and  82°  in  the  middle  of 
it.  These  2(^0  lugs  were  taken  at  random,  and  for  all  muntha. 
The  temperature  of  the  air  was  noted  oleo  in  each  trade  at  the 
distance  of  b"  from  its  edge  of  the  calm  belt.  Thus  the  tem- 
perature of  the  N.E.  trades,  6^  from  the  north  edge  of  tlie  calm 
belt,  or  in  14^  N.,  is  T8''.2 ;  at  a  like  distance  in  the  S.E.  trades 
from  the  equatorial  edge,  or  in  2'  S.,  the  mean  temperature  is 
8C'.°2.  From  this  it  would  seem  that,  in  traversing  this  belt  of 
5°,  the  temperature  of  the  N.E.  is  raised  twice  as  much  aa  the 
temperature  of  the  H.E,  trades;  which  is  another  indication  that 
the  velocity  of  the  S.E.  is  nearly  or  quite  double  the  velocity  of 
the  N.E.  trades  (S  042).  For  if  it  be  supposed  that  it  takes  the 
N.E.  trades  twice  as  long  to  traverse  5°  of  latitude  as  it  does  the 
S.E.,  it  is  evident  that  the  former  would  be  exposed  twice  as 
long  to  the  sular  ray.  and  receive,  twice  the  amount  of  heat  that 
is  imparted  to  the  S.E.  trade- winds  in  traversing  given  diSerences 
'Of  latitude.  Thus  the  position  of  the  calm  belt,  the  barometer. 
)  thermometer,  and  the  rate  of  sailing,  all  indicate  the  S.E. 
kde-winda  to  be  the  stronger.  It  appears,  moreover,  that  the 
■nperatnre  of  the  S,E.  trade-wind  is  in  2°  S.  below  the  tem- 
ratui'o  of  the  N,E,  in  9"  N.,  the  latter  being  81%  the  former 

21ba  thermal  upiator. — The  foregoing  obaemtioiu  show 
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that  after  theee  windu  enter  the  calm  belt,  the  air  thejr  bring  into 
it  aontiiiues  to  rise,  and  this  aleo  is  what  might  well  be  antio- 
pated,  for  the  sua  continues  to  pour  down  upon  it.  But  wbila 
the  temperature  of  the  eurface  is  kept  down  by  the  rain-dropt 
irom  above,  the  temperature  of  the  air  in  the  whole  belt  ib  ntiwd 
butb  by  the  direct  heat  of  the  uun  and  the  latent  heat  which  is 
set  free  by  the  constant  (§  5)5)  and  oftentimes  heavy  precipita- 
tion there.  This  latent  heat  is  much  more  eflbctive  than  is  ths 
direct  heat  of  the  sun  in  rarefying  Iha  air ;  consequently  we  hera 
unmnsk  the  influences  which  plaee  the  thermal  equator  in  the 
north  era  hemisphere. 

(149.  A  nalural  aetitwmeler  tti  Die  trade-wtnila. — Nor  is  this  ih« 
only  chamber  inio  which  this  calm  belt  key  conduct*  as.  Paiuilel 
for  purallel  (§  44fi),  the  southern  hemisphere  is  cooler  than  ifaa 
northtrn  ;  that  is,  the  mean  temperature  for  the  parallel  of  40" 
south,  for  example,  is  below  ilie  mean  temperature  for  tUe 
parallel  of  40^  north,  and  so  of  all  corresponding  parallels  be- 
tween 40°  and  the  equator.  It  appears,  moreover,  that  the  mean 
temperature  of  the  north-oust  trade-winds  as  they  cross  th« 
parallel  of  9°  north,  and  the  moan  temperature  of  the  south-east 
trade-winds  as  they  cross  the  equator,  is  about  Ihe  same  (g  647). 
The  difference  of  temperature,  then,  between  the  south-east  trades 
as  they  cross  the  luiratlel  of  9"  souih,  and  as  they  cross  the  cqua 
tor,  ejipresses  the  difference  in  the  theraial  forces  which  give  dif 
ference  of  energy  to  the  dynamical  power  of  the  trade- winds. 
Not  only  so  ;  it  expresses  the  diiference  of  temperature  between 
the  two  corresponding  parallels  of  9°  norlJi  and  9^  soiilh,  and  dts- 
coverH  to  us  a  natural  actinoraoter  on  a  grand  scale,  and  of  the 
most  delicate  and  beautiful  kind. 

650.  Heat  daily  received  by  Ike  noiilh-eaat  trade-winds.—  This  aoti- 
nometer  measures  for  us  the  heat  which  the  soutli-east  trade- 
winds  receive  between  the  mouieut  of  crossing  the  parallel  of  Q" 
south  and  their  arrival  at  the  equator,  for  the  heat  thus  received 
is  just  eiitficient  (§  Ii44)  to  bring  so  much  of  the  south-east  up  U> 
the  temperature  which  the  north-eaet  trndes  have  as  they  ci'obb 
the  puiillel  of  0'  north.  To  complete  this  measurement  of  heat 
we  should  know  how  long  the  south-east  trade-winds  are  on  their 
march  from  the  parallel  of  P"  south  to  the  equator.  According 
to  the  estimate,  it  taken  them  about  a  day  to  accomplish  this  dis- 
tance 1  but-,  knowing  the  exact  time,  we  should  have  in  the  band< 
of  winds  an  actinometer  which  would  d 
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quantity  of  beat  daily  impressed  by  tlie  Buii  upon  the  utmoaphere 
at  neu  between  ibe  equator  and  9°  euuth.  1  say  it  takos  about  a 
day,  and  8o  iivrcr  from  these  data,  viz. ;  The  mean  annual  direc- 
tiun  ot'tlie  Bouth-east  trade- winds  between  lO'sotitl^i  and  the  line 
in  south  40°  east*  We  suppose  their  average  velocity  to  be 
(S  SJi))  about  2a  milea  an  hour.  At  this  rate  it  would  take  them 
2flh.  22m.  30s.  to  reach  the  equator.  During  this  time  they 
receive  more  heftt  than  they  radiate,  and  the  escens  is  just  snffi- 
eienl  to  raiiw  them  from  the  normal  temperature  of  the  north-eaat 
trades  as  they  enter  the  calm  belt  in  i>°  north.  A  seriea  of  obeer- 
Tations  on  the  temperature  of  the  aii  in  latitude  9"  south  at  sea 
1,  for  the  farther  sludy  of  this  subject,  possess  great 
t 
6^1.  Eqaatoritd  calm  bell  mvm-  ttaliimary. — If  these  views  be 
correct,  we  eIiouH  expect  ru  find  the  equatorial  calm  belt  chang* 
ing  its  position  with  night  and  day,  and  yielding  to  all  those 
influences,  whether  secular,  annual,  diumal,  or  aoeidentat,  whioh 
are  capable  of  producing  changes  in  the  thermal  condition  of  the 
trade-winds.  The  great  Bun-swing  of  this  calm  bolt  from  oortb 
to  south  is  annual  in  its  occurrence  ;  it  marks  the  seasons  and 
divides  the  year  (§  296)  into  wet  and  dry  for  all  those  places  that 
are  witliin  the  arc  of  its  majestic  sweep.  But  there  are  other 
subordinate  and  minor  infiuences  which  are  continually  taking 
plaee  iu  the  atmosphere,  and  which  are  also  calculated  to  alter 
the  place  of  thia  calm  belt,  and  to  produce  changes  in  the  thermal 
Hiatus  of  the  air  which  the  trade-winds  move.  These  are,  un- 
nsually  severe  winters  or  hot  summers,  remarkable  spells  of 
jweatber,  such  aa  long  continuous  rains  or  droughts  over  areas  of 
'eonsidurable  extent,  either  within  or  near  the  trade-wind  belts. 
It  is  tremblingly  alive  to  all  auch  influences,  and  they  keep  it  in 
eontin«nl  agitation  ;  accordingly  we  find  that  snch  is  its  state 
that  within  ctrtmn  boundaries  it  is  continually  changing  place 
and  limits.  This  fact  is  abundantly  proved  by  the  speed  of  dtipa, 
for  the  log-books  at  tlio  Observatory  show  that  it  is  by  no  means 
a  rare  occurrciiee  for  one  vessel,  after  she  may  have  been  dallying 
in  the  Doldrums  for  days  in  the  vain  effort  to  cross  that  calm  belt, 
to  see  another  coming  up  to  her,  "hand  over  fist,"  with  fair 
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winds,  and  crossing  the  belt  after  a  dela^'  in  it  of  only  u  few 
Loum  instead  of  daye. 

652.  /(  mriea  kUIi  the  Mrenglk  of  the  frcwfe-innds.— Hence  we 
infer  tlixt  tho  position  of  the  equatorial  cnlm  belt  is  delennined 
by  the  difference  of  strength  between  the  nortb-east  and  south- 
east  trade-winds,  which  difference,  in  turn,  depends  upon  dif- 
ference of  barometrio  pressure  (§  642),  and  upon  dilference  in 
temperature  between  them  in  correspondiuj;  latitudes  north  BUd 
Bouth.  In  it  the  air  which  they  bring  ascends.  Now  if  we  liken 
this  belt  of  calms  to  an  immense  atmospherical  trough,  extend* 
ing,  as  it  does,  entirely  ai'ound  the  earth,  and  if  we  likeu  tbe 
norlh-east  and  south-east  ti'ade- winds  to  two  streams  discharging 
themselves  into  it,  wo  shall  see  that  we  have  two  currents  per^ 
petually  running  in  at  the  botlom,  and  that,  therefore,  we  must 
have  as  much  air  as  these  two  currents  bring  in  at  the  Iwttom  to 
flow  out  at  the  top.  W  hat  flows  out  at  the  top  is  earned  book 
noith  and  south  by  these  upper  currents,  which  are  thus  proved 
to  exist  and  to  flow  counter  to  the  trade-winds. 

653.  Precipitation  in  i/.— Captain  Wilkes,  of  tbe  Exploring 
Expedition,  when  he  crossed  this  belt  in  1838,  found  it  to  extend 
from  i°  noith  to  12"  north,  He  was  ton  days  in  crossing  it,  and 
dui'ing  those  ten  days  rain  fell  to  the  depth  of  6.15  inches,  or  at 
the  nite  of  eighteen  feet  and  upwards  during  the  year.  In  its 
motions  fi'om  south  to  north  and  back,  it  carries  with  it  the  rainj 
seasons  of  the  torrid  zone,  always  arriving  at  certain  parallels  at 
stated  periods  of  the  year ;  consequently,  by  attentively  consider- 
ing Plate  Vlll.,  one  can  tell  what  places  within  tho  range  of  thia 
sone  have,  during  the  year,  two  rainy  Bcasons,  what  one,  and 
what  are  the  rainy  months  for  each  locality. 

664.  The  appear  awe  of  the  calm  bdl»  from  a  dielant  planet. — Were 
the  north-east  and  tlte  suulh-east  trades,  with  the  belt  of  equato- 
rial calms,  of  different  colours,  and  visible  to  an  astronomer  in 
one  of  the  planets,  he  might,  by  the  motion  of  these  bolts  or  gir- 
dles alone,  tell  the  seasons  vrith  ns.  He  would  see  them  at  one 
season  going  north,  then  appearing  statiouaiy,  and  then  com- 
luencing  their  return  to  the  south.  But.  though  he  would 
observe  (S2S5)  that  they  follow  the  sun  in  his  annual  course,  he 
would  remark  that  they  do  not  cliange  their  latitude  as  much  as 
the  Bun  does  his  declination ;  ho  would  therefore  discover  that 
their  extremes  of  declination  are  not  so  fiir  asunder  as  the 
tropics  of  Cancer  and  Capricorn,  though  in  certain  seafiona  the 
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cfaangea  from  day  lo  day  are  very  great.  He  woii1d  observa  th»t 
ihc  Konen  (if  winds  und  calms  have  tbeir  tropics  or  stationaiy 
nodes,  about  whidi  they  linger  nenr  three  monilis  at  a  lime ;  and 
tliat  they  piissfi'onioue  of  their  tropics  lo  the  other  ia  a  little  less 
tliiin  »nfithev  three  months.  Thug  he  would  obserre  Ihe  whole 
svBtem  of  belts  to  go  north  from  the  latter  part  of  May  till  some 
timL' in  August  'I'hen  they  would  stop  and  remain  nearly  sta- 
tionary till  winter,  in  December;  when  again  they  would  com- 
mence to  move  rapidly  over  the  ocean,  and  down  towarda  Ihe 
south,  until  the  lastof  February  or  the  first  of  March  ;  then  again 
thoy  would  become  stationary,  and  remain  about  this,  their 
southern  tropic,  till  May  again.  Having  completed  his  physical 
examination  of  the  equatorial  calms  and  windn,  if  the  supposed 
observer  should  now  turn  his  telescopo  towards  the  polea  of  our 
earth,  ho  would  observe  a  none  of  calms  bordering  the  north-east 
tiade-winda  on  the  north  (5  210),  and  another  bordering  the 
90utli-east  trade-winds  on  the  south  (g  213).  The^e  calm  zones 
alKo  would  be  observed  to  vibrato  up  and  down  with  the  trade- 
wind  zones,  partaking  (S  296)  of  their  motions,  and  following  the 
declination  of  the  sun.  On  the  polar  side  of  each  of  these  two 
calm  SMnes  there  would  be  a  brood  bund  extending  up  into  the 
polar  regions,  the  prevailing  winds  within  which  are  the  oppo- 
sites  of  the  trade-winds,  viz.,  soutli-west  in  the  northern  and 
north-west  in  Ihe  southern  hemisphere.  The  eqnatorial  edge  of 
these  calm  belts  is  near  the  tropics,  and  iheir  average  brendtli  is 
10°  or  12°.  On  one  side  of  these  belts  (S  210)  the  wind  blows 
perpetually  towards  the  equator ;  on  the  other,  its  prevailing 
direction  is  towards  the  poles.  They  are  called  (§  210)  the 
"  horse  latitudes  "  by  seamen. 

656.  Sainji  teatotit  of  the  Iroptcfd  calm  belt*. — Along  the  polar 
borders  of  these  two  calm  belts  (8  206)  wo  have  another  region  of 
precipitation,  though  generally  the  rains  here  are  not  so  constant 
as  they  are  in  the  equalurial  culms.  The  pi'ecipitalion  near  the 
tropical  calms  is  nevertheless  sufficient  to  mark  the  seasons  ;  for 
whenever  these  culm  zones,  as  they  go  from  north  to  soulb  wiih 
the  sun,  leave  a  given  parallel,  the  rainy  season  of  that  parallel, 
if  it  be  in  winter,  is  said  to  coniifkence-  Hence  we  may  explain 
the  rainy  season  in  Chili  at  the  south,  and  in  California  at  the 

IB56.  Their  potilkm. — A\'e  can  now  understand  why  the  calm 
lt<  of  Cancer  and  Cdpricani  occnpy  a  medial  position  between 
^ : 
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tBe  trades  and  the  counter  trades;  wbj,  on  one  side  of  it,  Uib 
prevailing  direction  of  the  wind  ehould  be  polartraii),  on  tlie 
other  towards  Ibe  squalor;  and  we  aleo  disoovot  tlie  iofluences 
which  determine  their  geographical  position  ;  for : — 

657.  A  melmrolmjiaxl  laa. — An  accumnlation  of  atmosphera 
over  ono  part  of  the  eaith's  eui-face  implies  a  dcpreesiou  owt 
soma  other  part,  preciholy  as  tho  piling  up  of  water  Into  a  ware 
above  the  eea  Icvcil  iarulves  a  curreBpondicig  depression  below; 
and  ill  meteorology  it  may  he  regarded  as  a  general  Uw,  that  ihe 
tendency  of  all  winds  on  the  surface  ia  to  hlow  from  the  pkc« 
where  the  harometer  is  higher  to  the  jilace  where  the  barometer 
ia  lower.  This  meteorological  law  in  only  a  restatement  of  tha 
dynamical  tmism  about  water  seeking  its  own  level. 

658.  The  barovieU'r  in  Ihe  calm  bells. — The  wean  height  of  the 
barometer  in  the  ciilm  belts  of  the  tropics  is  greater  (Plate  I.) 
than  it  in  in  any  otlier  latitude.  The  mean  height  of  tho  baro- 
meter in  the  equatorial  calm  belt  is  [ess  than  it  is  on  any  oth«r 
parallel  between  the  tropical  and  equatorial  calm  bulls.  The 
difference  for  the  calm  bell  of  Cancer  is  0,25  inch,  TLia  diffeT- 
ence  in  permanent.  It  is  sufGcient  to  put  both  eysteuia  of  trado- 
winds  in  motion,  and  to  create  an  indraught  of  air  flowing  per- 
petually towuidfl  the  equatorial  calm  belt  from  tho  distance  of 
two  thousand  miles  on  oaoU  side  of  it. 

659.  Winds  uith  northing  and  teimU  teilk  aoulhing  in  ttiem. — In 
like  manner,  as  we  go  &om  either  tropical  calm  belt  towards  tke 
nearest  pule,  the  barometric  prosbure  becomes  less  and  less,  Tlia 
meteorological  law  juot  announced  requires  tha  prevailing  wind 
ou  the  polar  aide  of  theso  calm  belts  to  be  from  Iheiii  and  in  the 
direction  of  the  poles ;  and  observations  ( I'hite  1.)  tiiow  that  such 
is  tho  case.  Dividing  the  winds  in  each  hemisphtro  into  winds 
with  northing  and  winds  with  southing  in  tbem  as  has  been  dons 
in  Chapter  XXI.  and  I'late  XV.,  actual  observation  shows  (|  852) 
that  they  balance  each  other  in  Ihe  eoutliom  Leftriaphoro  betweou 
tha  jHirallela  of  35"  and  40",  and  in  the  northern  between  tha 
parallcla  of  25^  and  50° ;  that  between  these  parallels  the  average 
annual  prevalence  of  winds  with  northing  and  of  winds  with 
southing  in  tbem  is  the  same,  the  difference  (Plate  XV.)  being 
BO  small  as  to  be  apparently  accidental;  that,  proceeding  ft-om 
the  medial  biuid  towards  llie  pfle,  jjolar-bound  winds  become 
more  aod  more  prevalent,  and  proceeding  from  it  towards  tho 
ei)iiaU>r,  equatorial-bound  winds  becomo  mora  aod  more  pra^^^ 


I 


LB  msDB.  355 

s  blow  (§657)  fjuiu 


lent.     Now,  in  each  case,  the  prevailing  n 
the  liigh  to  die  low  barometer  (Pluto  I.). 

600.  The  baromftric  ridgca.~1he  fact  of  two  baroiuetrio  ridges 
enoircling  tbe  earth,  au  the  high  bitrumet^r  of  lbs  tropical  calm 
belts  do,  and  as  they  may  be  called  ( I'late  1.).  enggeste  a  place  of 
low  barometer  on  the  polar  Hide  aa  naturally  as  tlie  ascent  of  a 
bill  on  one  side  suggests  to  the  traveller  a  dcaceat  on  the  other ; 
and,  had  not  actual  observations  revealed  the  fact,  theory  should 
have  taught  ua  (§  654)  the  existence  of  a  low  barometer  towards 
the  polar  regions  aa  well  as  towards  the  equatcriaL 

iJtil.  I7iey  make  a  depreition  »n  (he  atmotphere. — Let  ua  contem- 
jilate  for  a  moment  this  accumitiatioa  of  air  in  tlio  tropical  bolt 
about  the  eai-th  in  each  hemisphere.  Because  it  is  an  accumula- 
tion of  atmosphoria  air  about  the  calms; — because  the  barometer 
stands  higher  under  tlio  calm  belt  of  Capricorn,  fur  instance,  than 
it  does  on  any  other  parallel  between  that  calm  belt  and  [be  pole 
on  one  side,  or  the  equator  on  the  other,  it  is  not  to  be  inferred 
that  therefore  there  is  a  piling — a  ridging  up— of  the  atmosphere 
tliere.  On  the  contrary,  were  the  upper  sitrface  of  our  atmo- 
sphere visible,  and  could  wo  take  a  view  of  it  from  above,  we 
should  discover  rather  a  valley  than  a  ridge  over  this  belt  of 
greatest  pressure ;  and  over  the  belt  of  least  pressure,  as  tbe 
equatorial  calm  belt,  wc  should  discover  (§  520),  not  a  valley, 
hut  a  ridge,  and  for  these  reasons :  In  the  belts  of  low  barometer, 
that  is,  in  both  the  equatorial  and  polar  calms,  the  sir  is  ex- 
panded, made  light,  and  caused  to  ascend  chiefly  by  the  latent 
beat  that  is  liberated  by  the  heavy  precipitation  which  takes 
place  there.  This  causes  tbe  air  which  ascends  there  to  rise  up 
and  swell  out  far  above  the  mean  level  of  tbe  great  aerial  ocean. 
This  tutumesoonce  at  the  equatorial  calm  belt  has  been  estimated 
to  bo  several  miles  above  the  general  level  of  tlie  i 
This  calm  belt  air,  therefore,  as  it  boils  up  and  fiowa  off  through 
the  upper  regions,  north  and  soutJi,  to  the  tropical  calm  belts, 
does  not  so  flow  by  reason  of  any  difference  of  baromotrio  pres- 
sure, like  that  which  causes  the  surface  winds  to  blow,  hut  it  so 
flows  by  reason  of  diRerenoe  as  to  level. 

662.  Tlie  upper  surface  of  (he  almotjihere. — I'he  tropical  cuItd, 
belts  (§  2TS)  are  places  where  tlie  mean  amount  of  preoipitation 
is  small.  Ilie  air  there  is  comparatively  dry  air.  So  far  from 
being  expanded  by  heat,  or  swelled  out  by  vapour,  this  air  is 
loutroctcd  by  oold,  Jbr  the  chief  aouroe  of  its  supply  is  through 
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tho  upper  regions,  from  the  equfttorin.1  side,  where  the 
lion  between  suy  two  given  ineridiaiis  ia  the  larger; 
upper  current,  while  on  its  way  from  the  equator,  is  coQtil 
parting  with  tLe  heat  which  it  received  at  and  near  the  eiir&M, 
and  which  caused  it  to  rise  imder  the  equatorial  cloiid-t'ing.  In 
tbis  process  it  is  gradually  contracted,  thus  causing  the  upper 
surface  of  the  air  ti)  be  a  sort  of  double  inclined  plane,  descending 
from  the  equator  and  from  the  polea  to  the  place  of  tho  tro{^cal 
oalm  belt's. 

dS'-l.  Winds  in  the  gouihem  ilronrfer  than  windt  in  the  northen 
hemiphcre. — -Observations  show  that  Ihe  mean  weight  of  the 
barometer  in  high  Honthem  is  much  lens  (I'late  I.)  tlwii  it  is  in 
ourro-jionding  high  northern  lalitndea  ;  consequently,  we  should 
expect  that  the  polar-bound  winds  would  hv  much  more  marked 
on  the  polar  side  of  40"  S.,  than  they  are  on  ibe  polar  side  of 
40°  N.  Accordingly,  observations  (Plate  XV,)  show  snch  to  be 
tiie  case :  and  they  moreoTer  show  ihat  the  polar- bound  windi 
of  the  southern  are  much  fresher  than  those  of  the  nortbeni 
hemisphere. 

664.  The  waves  and  gales  off  the  Cope  of  Good  Hope.— To  Bppr». 
ciate  the  force  and  volumo  of  these  polar-bound  winds  ia  tfaa 
Bouthem  hemisphere,  it  is  iieccssaiy  that  one  should  "run  tlieBi 
dowli"  in  that  itasto  of  walore  beyond  the  parallel  of  40'' Sl, 
where  "  the  winds  howl  and  the  sens  roar."  The  billows  there 
lift  themselves  up  in  long  ridges  with  deep  hollows  between 
them.  They  run  high  and  fast,  tossing  their  white  caps  aloft  in 
the  Jiir,  looking  lite  the  green  hills  of  a  rolling  prairie  capped 
with  snow,  and  chasing  each  other  in  sport.  Still,  their  march 
is  stately  and  their  roll  niajeslic.  The  scenery  among  them  ia 
grand,  and  the  Australian-bound  trader,  after  doubling  the  Cap« 
of  Good  ITopo,  finds  herself  followed  for  weeks  at  a  time  i>y 
these  magnificent  rolling  swolls,  driven  and  lashed  by  the 
"bravo  west  winds"  most  furiouBly.  A  sailor's  bride,  pep- 
forming  this  voyage  with  her  gallant  hunbind,  thus  alludes  IQ 
iit^r  "  abstract  log "  to  these  rolling  seas  :  "  Wo  liiid  some  mag- 
nificent gales  oil'  tlie  Cape,  when  the  colouring  of  the  waves,  the 
transition  from  gray  to  clear  brilliant  green,  wilh  tlio  milky- 
whito  foam,  struck  me  as  most  exquisite.  And  then  in  rough 
weather  the  moral  picture  is  so  fine,  ihe  calmness  and  activity 
required  is  such  an  eshJbition  of  tho  power  of  mind  over  tbe 
elements,  that  1  admired  the  sailors  fully  as  much  aa  the  II^M 
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and.  o/emiTK,  tlie  ruiitor  is  command  most  of  all ;  iDiltMid,  a  sea 
voyage  moro  than  fulfils  my  espectatioDB." 

fi6J.  Wiada  bloie  from  a  high  to  a  low  barometer. — It  appears, 
tberefure,  that  the  low  barometer  about  tlio  poles  aud  tlie  low 
barometer  of  die  equator  cause  an  iiututh  of  wind,  and  in  eaoh 
case  the  rushing  wind  oomas/rom  the  high  and  blows  ttncardi  the 
loiB  barometer ;  that  in  one  hemiapbero  the  calm  belt  of  Capri- 
ci.rn,  and  in  llie  other  the  calm  belt  of  Canoer,  ocoupioa  the 
medial  line  between  the  equatorial  and  polar  places  of  low 
barometer. 

OGO.  Polar  rare/aelion. — It  appears,  moreover,  that  the  polar 
refraction  ia  greater  than  the  equatorial,  fur  the  mean  height  of 
the  austral  barometer  ia  very  much  below  that  of  the  equatorial, 
and,  conaequentlj,  its  influence  in  creating  an  indraught  ie  felt 
at  a  greater  distance  (Plat-O  XV.)— even  at  the  distance  of  50"  of 
latitude  from  the  south  pole,  while  the  influence  of  the  equatorial 
depression  is  felt  only  at  the  distance  of  30°  in  tho  souihem,  and 
of  25°  in  the  northern  hemisphere.  The  difference  as  to  degree 
of  rareiactiun  is  even  greater  than  this  statement  implies,  I'or  the 
influx  into  the  equatonal  calm  belt  is  assisted  also  by  tempera 
turo  in  this,  (hat  tho  trade-winds  blow  from  cooler  to  warmer 
latitudes.  The  reverse  is  the  case  with  the  counter-trades ; 
therefore,  while  difference  of  thermal  dilatation  assbts  the  equa- 
torial, it  opi>ose»  the  polar  influx. 

GST.  The  Iropiail  calm  btilt  eauied  by  the  polar  and  equatorial 
eiilnu. — Thus  we  perceivo  that  the  tropical  c^m  belts  are  simply 
an  adjuHtrapnt  between  the  polar  and  equatorial  calms ;  that  the 
tropical  calm  belts  assume  their  position  and  change  their  lati- 
tude in  obedience  to  the  energy  with  which  tho  influence  of  the 
heated  and  the  expanding  columns  of  air,  as  they  ascend  iu  the 
-  .^lar  and  equatorial  calms,  is  impressed  upon  ihem. 

L.  608.  !%«  mdeoroUxpail  powar  of  hient  heat. — This  exphuiation  of 

a  calm  places  and  of  the  movements  of  the  low  austral  bii- 

leter  shows,  oom|wratively  speaking,  how  much  the  latent 
heat  of  vapour,  and  how  little  the  direct  heat  of  the  sun  has  to 
do  in  causing  tho  air  lo  rise  up  and  flow  off  from  thcM)  calm 
places,  and  consequently,  how  little  the  direct  action  of  tho  solar 
ray  has  to  do  either  with  tho  trades  or  the  counter  ti-ades.  It 
regulates  and  controls  them ;  it  can  scarcely  be  said  to  Ci'eBto 
them, 

.  Tha  low  barometer  off  Cape  Horn, — Tho   fiwt  of  u  low 
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barometer  off  Cupe  Horn  was  pointed  out*  as  long  as  1834.  It 
was  confiidered  an  anomnly  peculiar  to  itie  regions  of  Cape 
Horn.  It  in  now  necertained  by  the  comparison  of  6455  oboer- 
vationa  on  tlie  p<dor  side  of  40"  eoath,  and  about  90.000  in  aQ 
other  latitndos,  thnt  the  depiCKsion  is  not  peculiar  to  the  C«pe 
Horn  rogionB,  but  tliat  it  ta  general  and  alike  in  all  p&rts  of  the 
austral  seas,  ae  the  following  table,  compiled  from  the  log-booki 
of  the  Observatory  by  Lieutenants  Warleyand  Young,  ebawa^— 


Barouethto  Table. 
Mean  Height  of  (lie  Baromeler  at  obierred  belietea 
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071.  Barometer  ai  the  poles. — These  are  tlie  observed  beigbtB; 
for  the  want  of  data,  no  oorrcotions  liavo  been  applied  to  thorn; 
and  for  the  want  of  numbers  euffioient  to  give  correct  means,  they 
lauk  that  uniformity  whiob  larger  niimbeii)  would  doubllese  give. 
They  kHow,  however,  most  satisfaolorily,  that  a  low  barometer  is 
not  peonliar  to  Cape  Horn  regions  alone;  they  show  that  it  is 
common  to  nil  high  southern  latitudes;  and  other  observationa 
{§  362)  show  that  it  is  peculiar  to  these  and  not  to  nortliem  lati- 
tudes. Projecting  on  a  diagram  A,  with  parallels  of  latitude  and 
the  barometric  scale  as  ordinates  and  abeeisss,  a  curve  S,  which 
will  best  represent  the  obfeervation*  (§  670),  and  continuing  it  to 
the  south  pole— also  projecting  another  curve  N,  wbii:b  will  best 
represent  the  observations  (§  362)  on  the  polar  aide  of  40°  N,, 
and  continuing  it  to  the  north  pole— wo  discover  that  if  the 
barometric  pressure  in  polar  latitudes  ooutinuo  to  decreassfisr 
•  Americam  Journal  otSuhaur,  vol.  ixvi.  p.  S4  (1834), 
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to  extend  witli  ita  iofluenco  no  farther  than  Ihirtj  dsf^nfl^^l 
latitude.  The  fact  also  favours  the  idea  suggested  by  ^^H 
diagram  (§  071),  that  the  mean  height  of  the  barometer  in  u« 
polar  calms  is  veiy  much  less  Ihim  it  is  in  the  equatorial.  More- 
over, the  counter  trades  of  the  Boutliem  hemisphei-e  are  very 
much  stronger  (§  GL'(S)  than  the  counter  trades  of  the  other. 
They  are  also  stronger  than  the  trade-winds  of  either;  them 
facts  likewieie  favour  tlio  idea  of  a  greater  exhaustion  of  ftir 
in  the  antarctic  than  in  the  arctic  calm  place :  and  it  is  tnaai- 
fest  that  actual  observations  also,  as  far  as  they  go.  indicate 
such  to  be  tlie  case.  In  other  words,  "  the  brave  west  winds  "  of 
the  southern  hemisphere  have  the  greateat  "  barometric  descent," 
and  Bbould  therefore  be,  as  they  are,  the  Btrongesl  of  the  foar 

1)73.  Slud}/  of  the  momoom  affords  /nrtber  information  touching  Ae 
caJm  if tta.^Farther  infonnation  may  he  gained  upon  the  suhjectof 
high  and  low  barometers,  of  the  "  barometric  declivity  of  winds," 
and  of  the  meteorological  influence  of  diminished  atmospheric 
pressure  by  studying  the  calm  bells  iu  connection  with  the 
monsoons, 

C74.  Tke  mmlli-teegl  vindt  of  the  AllaTilic. — Before,  however,  wo 
proceed  to  these,  let  us  take  a  hastj  glance  at  the  winds  in  cer- 
tain other  parts  of  the  ocean.  The  winds  which  most  prevail  on 
tho  polar  side  of  the  cahu  belt  of  Cancer,  and  as  fur  as  ftO"  N,  in 
iJie  Allantio,  are  the  west  winds.  "  Wind  and  w^eather  iu  this 
part  of  the  ocean,"  says  Jausen,  "  are  very  unreliable  and  ohongtr- 
able :  nevertheless,  in  the  summer  months,  we  find  permanent 
north  winds  along  tho  coast  of  I'oitugal.  These  north  winds  are 
worthy  of  attention,  the  mure  so  from  tho  fact  that  they  occur 
simultaneously  with  the  African  monsoon,  and  because  we  then 
fiud  northerly  winds  also  in  the  Mediterranean,  and  in  the  Ked 
Sea.  and  farther  eastward  to  tho  north  of  the  Indian  monsoon'. 
When,  between  the  months  of  May  and  November,  during  which 
tho  African  monsoon  prevails,  tho  Dutch  ships,  which  have  lin- 
gered in  the  calm  belt  of  Cancer  run  with  the  north-eiist  trade, 
imd  direct  their  course  for  the  Capo  Verd  Islauds,  then  it  seems 
as  if  they  were  in  another  world.  The  sombre  skies  and  change- 
nbla— olteitiutely  chilly  and  eultiy — weather  of  our  latitudes  ore 
replaced  by  a  rugulai-  temperature  and  good  settled  weather. 
lijich  one  rejoices  in  tlie  glorious  heavei^s,  in  which  none  iave 
tke  little  triide-clouds  are  to  bo  seen — which  clouds  in  the 
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ind  region  malco  Iho  suiiHet  bo  encliunliiig.  The  dark-blna 
wuter,  in  which  many  and  etrnnge  kiuils  of  echinas  sport  in  tho 
sunlight,  add.  when  suen  at  a  distauce,  make  the  eea  appuiir  like 
ono  Tast  field  adorned  wilh  flowers ;  the  refpilar  swcllingii  of  the 
waves  with  their  silvery  foam,  through  which  the  flj-iug-fiBhes 
flutter;  the  beautifully -coloured  dolphins;  the  diving  B<:ho<ils  of 
tunniea — all  these  bauish  afar  the  moDotony  of  the  sea,*  uwake 
the  love  of  life  in  the  youthful  seaman,  and  attune  his  heart  to 
goodness.  Everything  around  him  fixes  hie  attention  and  in- 
creases his  aatoniehment 

675.  Sailing  lliroagh  the  Iradevnnd. — "  If  all  the  breathings  out 
of  heartfelt  emotion  which  the  contemplation  of  nature  forces 
from  the  sailor  were  recorded  in  the  log-books,  how  much  farther 
should  we  be  advanced  in  the  knowledge  of  the  natural  state  of 
the  sea  !  Once  wa.nderjng  over  the  ocean,  he  begins  to  bo  im- 
pressed liy  the  grand  natural  tabluan  around  him  with  feelings 
deep  and  abiding.  The  most  splendid  forecastle  b  lost  in  the 
viewless  eurfiioo,  and  briugM  home  to  us  the  knowledge  of  our 
nothingness;  the  greatest  ship  is  a  plaything  for  the  billows,  and 
the  slender  keel  tieeuia  to  threaten  uur  esistenQe  evuiy  moment. 
Biit  when  the  eye  of  the  mind  is  permitted  to  wander  through 
space  and  into  the  de[)ths  of  the  ocean,  and  is  able  to  form  a 
conception  of  Infinity  and  of  Omnipotence,  then  it  knows  no 
danger :  it  is  elevated— it  comprehends  itself.  The  distances  uf 
the  heavenly  bodies  are  correctly  estimated  ;  and,  enlightened  by 
astronomy,  with  the  aid  of  the  art  of  navigation,  of  which  Maury's 
Wind. and  L'uirout  Charts  form  au  important  part,  the  shipmaGter 
marks  out  his  way  over  tho  ocean  just  as  securely  as  any  one  can 
over  an  extended  heath.  Ho  directs  his  course  towards  the  Cupe 
Verd  Islands,  and  is  earned  Uiero  by  the  lively  trade-wind.  Yet 
beyond  the  islands,  sooner  or  laler,  according  to  the  month,  the 
clear  skies  begin  to  bo  clouded,  the  trade-wind  abates  and 
becomes  unsteady,  the  olonda  heap  up,  the  thunder  is  heard, 
heavy  rains  fall ;  finally,  the  stillness  is  death-like,  and  we  have 
entered  the  belt  of  calms.  This  belt  moves  towards  the  north 
from  May  to  September.  It  is  a  remarkable  phenomenon  that 
the  annual  movemente  of  the  tnules  and  culm  belts  from  south  to 
north,  and  back  again,  do  not  directly  foUdw  the  sun  in  its 
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doclinaticin,  but  appear  to  wait  until  Ibo  tempentture  of 
vrater  puis  it  in  motion.  If  a  aUip  which  haa  come  into 
of  calms  betwecu  Ma^  and  September  could  lie  still  in  llie 
where  it  came  into  this  belt — oaat  anchor,  for  example — then  it 
would  perceive  a  turning  of  the  monsaon  or  of  the  tnide-wind. 
It  would  see  the  belt  of  calms  draw  away  to  the  north,  and  after- 
wai'dis  get  the  eouih-west  monsoon,  or,  standing  more  westerly, 
perhaps  the  south-east  trade,  On  the  contrary,  laler  than  Sep- 
tember, this  ship  lying  at  anchor  will  eee  the  nortb-oaat  gT«dn 
ally  awake.  The  belt  of  calms  then  moves  towards  the  south, 
and  removes  from  the  ship,  which  remains  there  anchored  on  the 
uorth  side."* 

fi76.  The  inpience  of  the  land  upon  the  wind*  o/tke  gea.— The  in- 
vestigations that  have  taken  place  at  the  Observatory  show  that 
the  induenco  of  the  land  upon  the  normal  directions  of  the  wind 
at  sea  is  an  immense  influence.  It  is  frequently  traced  for  a 
thousand  miles  or  more  out  upon  tbe  ocean.  For  instance,  the 
action  of  the  sun's  rays  upon  the  great  deserts  and  arid  plains  of 
Africa,  in  tbe  summer  and  autumnal  months,  is  such  as  to  be  fait 
nearly  across  the  Atiantio  Ocean  between  the  equator  and  the 
parallel  of  13°  norlli.  Between  tbis  parallel  and  the  equator,  tbe 
ijorth-east  trade-winds,  during  these  seasons,  ore  arrested  in  their 
couiae  by  the  rainy  seasons  and  beated  plains  of  Africa,  as  obser* 
vation  shows  they  are  in  India,  and  instead  of  "  blowing  horoa" 
to  tbe  equator,  they  atop  and  sacend  over  tbe  desert  sands  of  the 
continent.  The  south-east  trade-winds,  arriving  at  the  equator 
during  this  period,  and  finding  no  norlh-cnst  trades  tlioroto  con- 
test their  crossing  the  line,  continue  their  course,  and  blow  Aoms 
as  a  south-west  monsoon,  where  tboy  deposit  their  moisture  and 
ascend.  These  southwardly  monsoons  bring  the  rains  whioli 
divide  the  seasons  in  these  parts  of  tbe  African  coast.  The 
region  of  the  ocean  embraced  by  these  monsoonB  is  cuneiform  ia 
its  shape,  having  its  base  resting  upon  Africa,  and  its  apex 
stretching  over  till  within  1 0"  or  1 5"  of  the  mouth  of  tbe  AmaKon. 
Indeed,  when  we  come  to  study  the  effects  of  South  America  and 
Africa  (as  developed  by  the  Wind  and  Current  Cbarla)  upon  the 
winds  at  sea,  we  should  be  led  to  tbe  conclusion — had  the  footof 
civilized  man  novor  trod  the  interior  of  these  two  continent&-^ 

"  Natunrkiindigo  BeBchrij^iog  der  zeeen,  dnor  M.  P.  Mnury,  IX-D,  Lol- 
leuant  iler  Nord-AniorikBuii«c1ie  Miirini?,  vortsald  door  M.  H.  Jansen,  LnttnglL 
der  Zee.  (Bijdiage.)    DDnlroclit.  L'.  K.  Bniat.     1S3S.  ^^1 
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that  Iho  climule  iif  one  is  hamid  ;  tliat  its  valleys  are,  for  the 
most  part,  covered  with  vegetation,  which  protecta  its  eurraoe 
from  the  siin'e  rays ;  wliile  tlie  plains  of  the  other  are  arid  and 
naked,  and,  for  the  most  part,  act  like  fumftces  in  drawing  the 
windH  from  the  sea  to  supply  air  for  the  aKcmiLling  columns  vrhich 
rise  from  its  ovcr-hoalcd  plains.  Pushing  thane  iacts  and 
arguments  still  farther,  theae  beautiful  and  interesting  researches 
Bocm  already  sufGoient  almost  to  justify  the  assertiun  that,  were 
it  not  far  the  great  desert  of  Sahara  and  other  arid  plains  of 
Africa,  the  western  shores  of  that  continent,  within  ibo  trade- 
wind  region,  would  be  almost,  if  not  altogether,  as  rainless  and 
aterile  as  the  desert  itself. 

677.  A  "  Gulf  Stream  "  tn  the  air. — Lieutenant  Janeen  bos  called 
my  attention  to  a  vein  of  wind  which  forms  a  current  in  the  air 
as  remarkable  as  that  of  tlie  Gulf  Stream  is  in  the  sea.  Tbis 
atmospherical  Gulf  Stream  is  in  the  soulb-oast  trade-winds  of  the 
Atlantic.  It  extends  from  near  the  Cape  of  Good  ilope,  in, 
a  direct  line  to  the  equator,  on  the  meiidiun  of  Cape  8t  Boqne 
(Plate  VIII.).  The  homeward  route  from  the  Cape  of  Good 
Hope  lies  in  llie  middle  of  this  .vein  ;  in  it  tlie  winds  are  more 
steady  than  in  any  other  pari  of  the  Atlnntic.  On  the  edges  of 
tbia  remarkable  aerial  current  the  wind  is  variable  and  often 
fitful ;  the  homeward-bound  Indiaman  re8i>rts  to  and  uses  thJB 
stream  in  the  atmosphere  aa  the  European-bound  American  does 
the  Gulf  Stream,     It  is  shaded  on  llie  plale. 

678.  Counferpoues.— These  investigationt),  with  their  beAutifnl 
developments,  eagerly  ca])tivate  the  mind ;  giving  wings  to  the 
imagination,  they  teocb  us  to  regoid  the  sandy  deserts,  and  arid 
plains,  the  mountain  ranges,  and  the  inland  basins  of  the  earth, 
an  compensations  in  the  great  system  of  atmospherical  circulation. 
Like  counterpoises  to  the  telescope,  which  the  ignorant  regard 
as  incumbrances  to  the  iustrumcDt.  these  wastes  aerva  as  make- 
weights, to  give  certainty  and  smoothness  of  motion — facility 
and  accuracy  to  the  worlclugH  of  the  machine. 

679.  Normai  state  of  the  o/mMp/wre.— ^\'hen  we  travel  out  upon 
the  ocean,  and  get  beyond  the  influence  of  the  land  upon  the 
winds,  we  find  ourselves  in  a  field  particularly  favourable  for 
studying  the  general  laws  of  atmospherical  ciroulation.  Here, 
beyond  tbe  reach  of  the  great  eqimtorial  and  polar  currents  of 
the  sea,  there  ore  no  unduly  heuted  surfaces,  no  mountain  ranges. 
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or  other  obstnictious  to  tbo  uirculation  of  the  atmoEphero — 
nothing  to  iJistuib  it  in  its  norniivl  ootirses.  Tbe  Ben,  tboreforo, 
in  tbo  field  for  wbeerviBg  the  operationa  of  the  general  Inwa  whjuh 
govern  the  movomente  of  the  groat  aerial  ocean.  ObsorvatioDJi 
on  the  land  will  enable  us  tu  dificover  the  exceptions,  but  from 
the  eea.  wn  shall  get  tbe  rule.  Each  volley,  eveiy  mounlain 
range  and  local  district,  may  lie  miA  to  have  its  own  peunliar 
system  of  cnlius,  winds,  miiis,  and  droughts.  But  not  so  the 
surface  of  tbo  broad  oeean  ;  over  it  the  ageute  which  EU'e  at  work 
are  of  a  niore  unrfomi  character. 

680.  Bain^neU, — Ifain-windii  are  the  winds  which  convey  tho 
vapour  from  the  sea,  where  it  is  taken  up,  to  other  parts  of  the 
earth,  where  it  is  let  down  either  as  snow,  hail,  or  rain.  Aa  a 
general  nile,  tbe  trade-winds  (i  293)  may  be  regarded  aa  the 
evupornting  winds ;  and  when,  in  tbe  coui«e  of  their  Dircuit,  they 
are  oonvert«d  inbi  monsoons,  or  the  variables  of  either  hemi- 
sphere, they  then  generally  become  also  the  rain-winda^ 
especially  the  tnonsoonfi  —  for  certain  localities.  Thna  the  sontli* 
west  monsoons  of  the  Indian  Ocean  are  the  rain-winds  for  the 
west  coast  uf  Hindoslan  (§  298).  In  like  manner,  the  AMoan 
monsoons  of  the  Atlantic  are  the  winds  which  feed  the  springs  of 
ibe  Niger  and  the  Senegal  with  rains.  Upon  every  water-ehod 
which  is  drained  into  the  sea.  tbe  precipitation,  for  the  wbola 
extent  of  the  shed  so  drained,  may  be  considered  ae  greater  than 
the  evaporation,  by  the  amount  of  water  which  runs  off  thnm^ 
the  rivers  into  the  sea.  In  this  view,  all  rivers  may  be  regarded 
as  immense  rain-gauges,  and  the  volume  of  water  annually 
discharged  by  any  one,  may  be  taken  as  an  expression  of  llio 
quantity  which  is  annually  evaporated  fitom  the  sea.  earned  back 
by  the  winds,  and  precipitated  throughout  the  whole  extent  of 
the  valley  that  is  drained  by  it.  Now,  if  we  knew  the  rain 
winds  from  the  dry  for  each  IticHlity  and  Reason  generally 
throughout  such  a  basin,  wo  should  be  enabled  to  determine, 
wilh  some  de;n'ee  uf  probability  at  least,  as  to  the  part  of  the 
ocean  from  which  such  rains  were  evaporated.  And  thus,  not- 
withalacding  all  the  eddies  caused  by  mountain  chains  and  other 
nnevcn  surfaces,  wo  might  delect  the  general  course  of  the 
atmosjilierical  circulatinn  over  the  land  as  well  as  the  sen.  and 
make  the  general  co'irsen  of  circulation  in  each  valley  as  obvious 
to  the  mind  of  the  philosopher  as  in  the  current  of  tho  Misataaipj 
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THAT  CAN  sow  BE  MADE  FOR  THE  ADVANCEMENT  Of  M 
EXTEND  THia  SrSTEX  OF  CIM)PEItATION  AND  KESEABCB  FEOM  TIIK 
THE    LAND,    4SD   TO    BRISC  THE    MAGNETIC    TEtlURjU-lI 
^^ITO  THE  SERVICE  OF 


CHAPTEK  XVI. 

S  0S1-7II. — Mos'soosa. 


G81 .  The  ocHwe  of. — Monsoima  are,  for  the  most  part,  tratk-wiadB 
deflected.  When,  nt  stated  wasona  of  the  year,  n  trade-wind  is 
turned  out  of  its  regull^r  course,  ne  trota  one  quadrant  to  aotither, 
it  is  regarded  as  a  mooRocn.  lite  Africun  monsoons  of  the 
AtUnti,o  (Plate  VIII.).  the  lUOiiBoons  of  the  gnlf  of  Mexico,  and 
the  C'entiul  American  monsoons  of  the  I'acific  are,  for  iLe  most 
part,  formed  of  the  trade-winds  whieh  ai*  turned  buek  or  deflected 
to  restore  the  equilibrium  which  the  overheated  plains  of  Africa, 
Utah,  Texaa.  aiid  New  Mexito  have  dieturbed ;  these  winds, 
carrjing  their  fuel  (S  254)  with  them  in  vapour. have  their  eqiii- 
librinm  slill  further  disturbed  by  the  heat  which  is  lilterated 
when  thnt  vapour  ie  condensed.  Thus,  with  regard  to  the  S.W. 
and  the  S.W.  monsoons  of  the  Indian  Ocean,  for  eiample  :  a  force 
is  everted  upon  the  N.E.  trade-winda  of  tliat  sea  by  the  dis- 
ttirbance  which  the  heat  of  summer  creates  in  the  atmosphere 
over  the  interior  plains  of  Asia,  which  is  more  than  sufficient  to 
neutralize  the  forces  which  cause  those  winds  to  blow  as  trade- 
winds;  it  arrests  them  and  turns  theni  back;  but,  were  it  not 
for  the  peculiar  conditions  of  the  bind  about  that  ocean,  whatare 
now  called  the  N.E.  monsoons  would  blow  the  year  round  :  there 
would  be  no  S.W.  monsoons  there  ;  and  the  N.E.  winds,  beinj^ 
perpetual,  would  become  all  the  year  what  in  reality  for  several 
.  Jnonihs  they  are,  viz.,  N.E.  trade-winds. 
^^>-6&2.  The  region  o/— Upon  India  and  its  seas  the  monsoon 
^^ftenomena  are  developed  on  the  grandest  scale.  These  leniark- 
nRua  winds  blow  over  aU  that  expanse  of  northern  water  ihut  lies 
between  Africa  and  the  riiilippine  Islands.  'J'hroughout  tlii« 
vast,  expanse,  the  wind^  that  arc  known  in  otbor  puts  of  Uie 
world. ae  \iiii  S£.  tiados  are  hoie  called  N.E,  wonsoous.  Lecauat^ 


instead  of  blowing  from  that  quarter  for  twelve  monthe,  as  in  othai 
eeaa,  they  blow  only  fur  six.  During  iha  remQinitig  &ix  nontha 
they  are  tuiTied  baok,  lui  it  were ;  for,  instead  of  blowing  lov&rdi 
the  equator,  tbcy  blow  away  from  it,  and  instead  of  K.E.  tradet 
webaveS-W.  monsoons. 

683.  A  torn  barometer  in  Nirrthfm  India. — If  the  N.E.  trade-winds 
blow  towards  tUo  eqiiatur  by  reason  (§  657)  of  the  lower  baro- 
meter of  the  calm  belt  ibere,  we  should — seeing  tbem  turned 
back  and  blowing  in  the  opposite  direction  ae  the  S.W.  uionsoon 
— expect  to  find  towards  the  north,  and  at  the  place  where  tfaef 
cease  to  blow,  a  lower  barometer  than  that  of  the  equatorial  oaltn 
belt.  The  circumatanccs  which  indicate  the  existence  of  a  lower 
Bommer  barometer — the  period  of  the  S.W.  monsoon — in  the 
regions  about  northern  India  are  developed  by  the  law  whicli 
{§  (iST)  requires  the  wind  to  blow  towards  that  place  where  there 
is  least  atmospheric  pressure 

684.  The  S.W.  momoons  '■  bacting  down."— Tha  S.W.  monaooiM 
oommeuce  at  the  north,  and  "back  down,"  or  work  their  way 
towards  the  sonth.  Thus  they  set  iu  earlier  at  Calcutta  than  tbey 
do  at  Ceylon,  and  earlier  at  Ceylon  than  they  do  afc  the  equator. 
The  average  rate  of  travel,  or  '•  backing  down  to  the  south,"  m 
seamen  exprcsG  it,  is  from  fifteen  to  twenty  miles  a  day.  It 
takes  the  ti.W.  monsoons  six  or  eight  weeks  to  "back  down" 
from  the  tropic  of  Cancer  to  the  equator.  During  this  period 
there  is  a  sort  of  barometric  ridge  in  the  air  over  this  region, 
which  we  may  call  the  monsoon  wave.  In  this  time  it  pasBes 
from  the  northern  to  the  southern  edge  of  the  monsoon  belt,  and 
as  it  rolls  along  in  its  invisible  but  stately  march,  the  air  beneath 
its  pressui'e  flows  out  fiom  under  it  bothways^on  the  polai  side 
as  the  ti.W.  monsoon,  on  the  equatorial  as  the  N.E, 

CS6.  Sow  Ihey  betiin. — As  the  vemal  equinox  approaches,  tb« 
heat  of  the  sun  begins  to  play  u|X]n  the  steppes  and  deserts  of 
Asia  with  power  enough  to  rarely  the  air,  and  cause  an  uprising 
BufHcientto  produce  an  indraught  thitherward  from  the  surround 
ing  regions.  The  air  that  ia  now  about  to  set  off  to  the  south  u 
the  N.E.  uiouKoon  is  thus  arrested,  turned  back,  and  drawn  into 
this  place  of  low  barometer  as  tlie  S.W.  monsoon.  These  plalita 
becomo  duily  more  and  more  heatod,  the  sun  more  and  more 
powerful,  and  the  amending  columns  more  and  more  active ;  th« 
area  of  incusliing  air,  like  a  circle  on  the  water,  is  widened,  and 
fl  the  S.W.  monsoons,  "  backing  doisu"  towards  the  cquatoti 


ive  the  N.E. 


from  tlie  land,  replace  ibem,  and 
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graiJitaily  extend  themselves  n 

686.  The  win  ateiiled  bg  the  hletU  heal  of  vapour. — Coming  now 
from  the  water,  they  bring  va|)oiii-,  wliich.  being  condensed  upon 
the  hill-sides,  liberalea  ite  latent  caloric,  and  so,  adding  fuel  tn 
the  flame,  ateieU  the  sun  (§  ti43)  to  rarefy  the  air,  to  canso  it  to 
rise  lip  and  fluw  off  mure  rapidly,  and  bo  to  depress  the  baro- 
meter still  more.  It  is  not  liil  the  8. \V.  monsoons  ha^o  been 
extended  far  out  to  sea  tliat  they  commence  to  blow  strongly,  or 
that  the  rainy  eeaaon  begins  in  ludin.  By  this  time  the  mean 
d&ily  barometi'io  preasure  in  this  place  of  ascending  air,  which  ig 

'  10  a  calm  place,  has  become  less  than  it  is  in  the  equatorial 
',m  belt ;  and  the  air  which  the  S.K.  trade-winds  then  bring  to 
tiie  equator,  instead  of  rising  up  there  in  the  calm  belt,  jass  over 
without  stojiping,  and  flows  ouwaid  to  the  calms  of  Central  Asia 
&»  the  8.W.  monsoon.  It  is  drawn  over  to  supply  the  place  of 
rarefaction  over  the  interior  of  India. 

687.  The  Tain-fall  in  India. — The  S.W.  monsoon  commences  to 
change  at  Calcutta,  in  22"  34'  N,,  in  February,  and  extends 
thence  out  to  sea  at  the  rate  of  fifteen  or  twenty  miles  a  day  :  yet 
these  winds  do  not  gather  vapour  enough  for  the  rainy  season  of 
Cherrapunjto,  in  lat.  25^  16',  to  commence  with  until  the  middle 
or  last  of  April,  though  this  station,  of  all  others  in  the  Bengal 
Presidency,  seeras  to  be  most  favourably  situated  for  wringing 
the  clouds.  Selecting  from  Colonel  Sykes's  report  of  the  rain-fall 
of  India,  those  places  which  happen  to  be  nearest  the  same 
meridian,  and  about  2°  of  latitude  apart,  the  following  state- 
ment is  made,  with  the  view  of  showing,  an  far  as  such  d&tn  can 

time  at  which  the  rainy  season  commences  in  the 
iterior : 
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It  is  Juue  before  the  S.W.  mtmsoons  have  backed  down  r»1 
tbe  eqnatiir  and  have  regularlj"  eet  in  there. 

ti^S.  ll»  influeiica  upon  Ihe  monanoM. — These  pooitioBiC'i 
selected  without  regard  to  elevation  above  the  eea  level.  Of 
course,  when  tlie  S.W.  monsoon  comes  only  fi-on)  a  nhort  distance 
out  to  sea,  as  in  April  it  does,  it  is  but  lightly  loaded  with 
moisture.  I'he  luw  country  cannot  condense  it,  and  it  tben 
i-emaina  for  tbe  mountain  stntions  in  the  interior,  BUoh  M 
Cherraponj'io,  to  get  the  first  raina  of  the  season ;  and  a,  nOBt 
lutereDttng  physical  problem  may  be  hero  put  on  the  road  to 
solution  by  the  question  :— Does  not  the  rainy  season  of  the  S.W. 
monsoon  commence  at  the  high  stntions  in  the  iuteriur,  as  on  tha 
aides  of  the  Himalaya,  earlier  than  in  the  flat  country  along  th* 
aea- coast? 

68S*.  The  march  of  the  bummdotw. — With  the  view  of  investigst* 
ing  certain  monsoon  phenomena,  recourse  was  had  to  onr  great 
magazine  of  undigested  facts,  the  abstract  logs;  and  after  dis- 
cussing not  less  than  11,697  obst^rvatious  on  the  winds  at  sea 
between  the  meridians  of  80°  and  B.'i"  E,,  and  from  Calcutta  to 
the  equator,  results  were  obtained  for  tho  following  table,  ia 
which  is  stated  in  dayg  tho  average  monthly  duration  of  the  K.£ 
and  S.W.  winds  at  sea  between  tbe  paiallela  of — 
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It  nppearH  from  this  tjible  that  l^twcen  Calnutta  and  tho  Una 
the  S.W.  iiionBouns  are  tho  prevailing  winds  for  seven  months, 
theN.E.  fur  five. 

690,  W«V  cmjliet—il  begins  at  the   ttorlh. — Besorting  to  the 
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691.  The  haremetric  dftcml  of  the  monsoorw.— Eacli   monsooa, 
like  tbo  trade- winilH,  blows  from  a  higher  to  a  lower  barometer. 
Taking  up  the  clew  from  this  fact,  and  resorting  again  to  t 
gmpbio  metboii  for  illustration,  wo  may  ascertain,  ^ 


DiBgnuii  C 

able  aconracy,  not  only  the  relative  etrengtb  of  the  north-east 
and  soutb-weat  monBoons  of  the  sea,  but  also  the  mean  height  of 
tho  barometer  in  the  interior  of  India  during  the  Bouth-weBt 
iiionsoon,  supposing  that  monKOon  to  go  no  farther  than  tlie- 
mountain  range,  which  may  bo  taken  at  a  mean  to  be  about  the 
parallel  of  30^  north.  Nuw,  taking  the  mean  lieight  of  th« 
barometer  at  the  equatorial  calm  belt  to  bo  (S  862)  2«,32  inches; 
the  mean  height  in  the  calm  belt  of  Cancer  to  be  ao.21  inohee. 
the  line  N.E.  of  the  Diagram  U  will  represent  the  average  baro- 
metric declivity  of  the  north-east  monsoons  generally.  The  mean 
height  of  the  barometer  during  the  throe  monthn  of  June,  July, 
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B^  line  S.W.  represents  the  mean  barometrie  declivity  of  tln<      ^^H 

■  iouth-weBt  monaooDH  at  their  height,  and  indicates  that  at  their      ^^H 
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^Borthem  oilgo,  snpposed  lo  be  the  parallel  of  80'  nartli.  the  baro-       ^^M 

^Ket«i- stnnda  at  abont  2<).45  incliuB.     Thin  barumetrlu  declivity     ^^H 

indicates  that  the  aonth-weat  are  stronger  Uian  the  north-east     ^^H 

monaoona,  and  gbservationa  show  that  they  are.*                                 ^^^| 

into  tlie  interior  rains  for  the  great  water-shed  of  India.     They 

bear  with  them  an  immense  volume  of  vapour,  as  is  shown  by  the                  1 

rivers,  and  oonfirmed  by  the  rain-fail  of  Cberraponjie,  and  at      ^^^1 

126  other  stations.     Chorraponjie  is  4,500  feet  above  tho  sea     ^^H 
level,     it  reaches  quite  up  to  the  cloud  region,  and  receives  a     ^^^H 
predpit&tion  of  537^  inches  during  the  south-west  monsoon,     ^^^H 
from  May  to   August  incIuBive.      Uol.   Sybes  reported   to   the     ^^H 
British  Aesoeintiun,  at  its  meeting  in  18o2,  the  rain-full  at  th«sc     ^^H 

127  places,  which  ore  between  the  parallels  of  20"  and  34"  in     ^^H 
India.     According  to  this  report,  the  eoutb-west  mon««>ns  pour     ^^H 
down  during  the  three  summer  months  upon  this  water-shed  293     ^^H 
inches  of  ruin.     Thu  latent  heat  that  is  liberated   during  thv    ^^M 
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condensation  of  tlie  vapour  for  all  iLis  rain  expands  th«  air, 
causing  it  to  boil  oTer,  flow  off,  and  leave  a  low  liaroioeter — a 
diminished  atmospheric  pressure  lliroughout  all  tho  regioni' south 
of  the  Himalaya. 

fi93.  Dovi  and  the  iwhwoom.— Ah  long  ago  as  1831,  Ikivi 
maintained  that  the  Eouth-west  tnunimou  wae  the  BOUtli-eaot 
tj*do-wind  runhing  forward  to  fill  (he  vacant  places  over  the 
norlhern  deserts.  Dove  admits  the  pvoofs  of  this  to  be  indirect, 
and  acknowledges  the  difficulty  of  finding  out  and  dcmonatrating 
tin;  problem. 

fi94.  The  loalh-eaei  trades  •piuevag  tn^  muth-aett  montoons. — 
But  any  navigator  who,  during  the  summer  months,  him  occasion 
to  traverse  the  Indian  Ocean  trom  north  to  south,  may  find  that 
it  IB  so.  The  outwoi'd-boTind  Indiaman,  who,  when  od  bis  -way 
to  Calcutta,  crosses  the  equator  in  August,  for  example,  wiU 
find  tlie  south-east  trades,  as  be  approaches  tlie  line,  to  hanl 
more  and  more  to  the  Buuth.  As  he  advances  still  farther  north 
tiey  get  lo  the  west  of  south.  Finally,  he  discovers  that  he  has 
got  the  regular  suiiih-west  monsoons,  and  that  he  has  passed 
from  the  south-eaBt  tindes  into  them  without  any  inteiTening 
calm.  This  in  summer  is  the  rule;  it  has  its  exceptions,  bnt 
tliey  are  raro.  Examining  the  logs  of  a  number  of  vessels  taken 
at  random  for  ibe  pacinage  in  August,  we  find,  by  421  obser- 
vations therein  recorded,  they  had  the  wind  thus  : 
Wiud  &om  S.E.  between  Lai.  10^  und  5^  S.  .  HiUi 
a.  „  5"  6.  Binl  Equat->t      „ 

„         S.W.       „       Equator  ami  a'^  N 

aw.       „         1*1.  fiJ  iind  lO--  N.     .        „       .0      . 

005.  JAetiletuinl  Jansm. — In  like  manner,  and  with  like  f 
Jauson  maintains  that  llie  norlh-west  nioniioon  of  Australia  ii 
uorth-cast  trade-wind  turned  aside. 

696.  MoMOOiu  in  ihe  Pacific. — The  influence  exerted  upon 
rainless  winds  by  the  deserts  of  Africa  and  the  overheated  plains 
of  Asia  is  telt  at  sea  for  a  thousand  miles  or  more.  Thus,  though 
the  desert  of  Cohi  and  the  sun-burned  plains  of  Asia  am,  for  the 
most  port,  north  of  latitude  30°,  their  influence  in  assisting  to 
cause  monsoons  (§692)  is  felt  south  of  the  equator  (Flate  VIII.). 
So,  loo,  with  the  great  desert  of  Sahara  and  the  A&ican  monsoons 
(■f  the  Atlantic;  also  with  the  Salt  Lake  country  and  the  Mexican 
nintisoous  un  one  side,  and  those  of  Central  America  in  the 
Tauific  on  the  other.    The  iofluenco  (S  296)  of  the  deserts  ^^ 
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Arabiti  upon  tbe  nindu  is  fult  is  Austria  and  other  parte  of 
Europe,  as  tlie  obBervalions  of  Krifl,  Lamont,  and  others  show, 
iSo,  also,  do  the  lElands,  euch  as  tho  Society  and  Sandwich,  that 
stand  f.tr  away  from  any  extent  of  land,  have  a  very  singnlar  biit 
marked  effect  upon  the  wind,  Thoy  interfere  vrith  the  traden 
very  often,  and  turn  them  back ;  for  wostetly  and  equatorial 
winds  are  common  at  both  these  groups  in  their  winter-time. 
Some  hydrographers  have  even  taken  those  westerly  winds  of  the 
Society  Islands  to  be  an  extension  of  the  mouKoons  of  the  Indian 
Ocean. 

697.  Infinetux*  tf  earal  retft  Hpo«  uinds. — It  is  a  curious  thing 
this  influence  of  islands  in  the  trade-wind  region  upon  the 

the  Pacific,  Every  navigator  who  hsM  cruised  in  those 
parts  of  that  ocean  has  oflou  turned  with  wonder  and  delight  to 
admire  tho  gorgeona  piles  of  cumuli,  heaped  up  and  ammged  in 
the  most  delicate  and  exquisitely  beaulifnl  masseK  that  it  is 
poseible  for  fleecy  matter  to  asunme.  Not  only  are  these  clond- 
pilee  found  capping  tho  hills  among  the  islands,  but  they  are 
often  seen  to  overhang  the  lowest  islet  of  the  tropics,  and  even 
to  stand  above  coral  patches  and  hidden  reefs,  "  a  cloud  by  day," 
to  serve  as  a  beacon  to  the  lonely  mariner  out  there  at  sea,  and 
to  warn  him  of  shoals  and  dangers  which  no  lead  nor  seamfin's 
eye  has  ever  seen  or  sounded  out.  These  clouds,  nnder  fevonr- 
afale  circumstances,  may  be  seen  gathering  above  tJie  low  coral 
island,  and  performing  their  office  in  preparing  it  for  vogetation 
and  fruitfulneaa  in  a  very  strilring  manner.  As  they  are  con- 
densed into  showers,  one  fancies  that  they  are  a  sponge  of  the 
most  delicately  elaborated  material,  and  that  he  can  see,  as  th^ 
"  drop  down  their  fatness,"  the  invisible  but  bountiful  hand 
aloft  that  is  pressing  it  out — Maury's  Sailing  DirtcHonii,  7th  ed,, 
p.  820. 

698,  Xmioaiu  in  mtmaiare. — Land  and  sea  breews  are  mon- 
nnon,<<  in  miniature,  for  they  depend  in  a  moasnre  apon  the  same 
o-ause.  In  the  monsoons,  the  latent  heat  of  vapour  which  is  eel 
froo  over  the  land  is  a  powerful  agent.  In  the  land  and  s«i 
breuzee,  the  heat  of  tho  sim  by  day  and  the  radiation  of  uuloric 
by  night  are  alone  concerned.  In  the  monsoons  the  heat  of 
summer  and  cold  of  winter  am  also  concerned.  But  could  the 
experiment  be  made  with  two  barometers  properly  placed — one 
at  sea  and  the  other  on  land,  but  botli  within  the  leacb  of  land 
and  sea  broeKee — they  would  show,  I  doubt  not,  regnlar  allflni- 
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lions  of  pressaro.  In  ihe  eea  breeze,  the  land  barometer  woidd 
l)e,low  and  tlie  eea  liigli,  and  Wee  ver«d  in  tbe  land  braG<£«;  and 
wlien  the  barometer  was  highest  and  when  it  was  lowest  it 
would  be  calm  at  Ihe  barometric  atationa. 

ti99.  The  changing  of  Ike  mojuoons. — It  is  these  calm  bands  or 
•'  medial  bolts."  as  the  crest  and  ti'ongh  of  tbe  barumctriL'  wave 
may  be  called,  which,  with  their  canopy  of  clouds,  follow  the 
departing  and  herald  the  coming  monsoon.  They  move  to  and 
fro,  lip  and  down  the  earth,  like  the  enn  in  declination.  As  ibej 
have  a  breadth  of  200  or  .^00  miles,  they  occupy  several  days  in 
passing  any  given  parallel,  and  while  they  overshadow  it,  then 
the  monsoons  are  dethroned.  During  the  interregnum,  whii^ 
lasts  a  week  or  two,  the  fiends  of  the  storm  hold  their  terrtfia 
sway  in  these  bands.  The  changing  of  the  monsoons  is  marked 
by  storm  and  tempest.  Becalmed  in  them,  moanings  are  aaid 
by  seamen  to  be  heard  in  the  air— a  sign  of  the  coming  storm — 
a  warning  of  impending  danger  to  ship  and  crew.  Then  tlie 
props  and  atays  arc  mken  away  Irom  the  air,  and  the  wind  seems 
ready  to  rush  violently  hither  end  thither,  and  whenever  there 
is  &om  any  cause  a  momentary  disturbance  of  the  equilibrnim. 
In  such  an  attnosphere,  the  latent  heat  that  is  liberated  by  eveiy 
heavy  rain-shower  has  power  to  brew  a  storm.  Throughout  the 
monsoon  region,  the  people  know  beforehand,  almuut  to  a  d^, 
tiio  coming  of  this  interregnum,  which  they  call  th«  uliungii^  of 
the  monaouns,  for  the  annual  changing  at  the  same  place  is  very 
I'egular. 

700.  Hoie  lie  calm  belt  of  Cancer  is  puthed  to  the  norrt.— Theoij*, 
therefore,  |>oints  to  a  place  in  Northern  India,  which  is  near  the 
northern  limlta  of  the  south-west  .monsoon,  where  the  mean 
height  of  the  barometer  during  the  rainy  season  (§  691)  is  about 
29.5  inches,  the  mean  height  at  the  equator  being  20.92  inches. 
Into  this  monsoon  place  of  low  barometer  over  the  land  tha 
wind  rushes  from  the  north-east  as  well  as  the  south-west.  Tfa« 
place  of  liigh  pressure  towards  the  north  from  which  it  rushes  IB 
tmder  the  calm  belt  of  Cauccr.  Henco  this  belt  is  also  pushed 
north,  and  made  to  occupy,  in  summer  at  least  the  position  over 
land  somewhat  like  that  assigned  tu  it  on  Plate  \1U.  In  the 
south-west  monsoon  the  Malabar  coast  has  its  rainy  season,  ao 
tiiat  the  air  over  the  peninsula  is  permanently  kept  more  or  leaa 
in  a  rarefied  state,  by  the  liberation  of  latent  heat  from  vapour 
a  actual  observations  abundantly  show. 


701.  The  eicrved  form  of  the  cquaional  calm  bell  in  the  Indian 
Oeean. — The  oquaturiitl  calm  belt  in  tlie  Indian  Ocean  is  a 
ilecided  curve.  The  peculiar  form  may  be  ascribed,  to  the 
meteoroloj^icnl  infiiienco  of  the  Indian  peninsuln  upon  ihp  cAlm 
heit,  and  in  this  way :  The  north-east  raoneoon  brings  the  rainy 
seiLBoa  to  the  Ooromandel  coast  und  to  the  east  cooat  of  Ceylon. 
'ITiis  rainy  Beanon  embraces  the  land  rather  than  the  sea.  The 
latent  heat  that  Is  liberated  during  these  raina,  togutherwith 
tho  effect  of  the  B'>Iar  ray  upon  this  tongue  of  land,  hna  iJio  effect 
of  expanding  the  air  over  it,  and  bo  "  deadening  "  the  north-east 
monsoon.  In  the  mean  time,  the  meteorological  influences  frnm 
Africa  on  one  side,  and  Australia  on  the  other,  lend  to  draw  the 
wind  in  towards  those  lands  and  so  retard  the  edgea  of  the  eonth- 
ea«t  trades,  thus  giving  the  culm  belt  the  cnrred  form  ehown  in 
the  plale. 

702.  The  leinter  momHxnu. — In  the  winter-time,  and  during  tho 
Dorth-6ast  monsoon,  there  is  in  the  calm  belt  which  intorr^nee 
between  that  monsoon  and  the  south-east  trades,  a  belt  of  wint«r 
or  westerly  monsounB.  It,  too.  is  curved,  as  shown  (Plate  VIII.) 
by  ihe  two  lines  drawn  to  represent  it«  mean  limits  about 
the  let  of  March,  This  is  a  most  remarkable  phenomenon,  for 
which  no  satisfaclory  explanation  has  been  suggested.  It  ex- 
tenda  nearly,  if  not  entirely,  across  the  Pacific  Ocean  also,  and 
tlie  wijids  all  the  way  in  it  prevail  from  the  westward.  The 
extreme  breadth  of  this  winter  monsoon  belt  is  about  9°  or  10° 
of  latitude.  In  the  Indian  Ocean,  its  middle  is  betwemi  the 
eqnator  and  5'  8. :  in  the  Pacific,  between  the  equator  and  fi°  N. ; 
in  the  Atlantic,  between  3°  and  10^  N.  In  the  Atlantic  it  is  a 
summer  monsoon  easily  to  be  acconnted  for.  This  belt  of  sub- 
monsoons,  considering  its  great  length  and  small  breadth,  ia  one 
of  thd  most  remarkuble  plieuomena  in  marine  met«orolngy. 

70.1.  The  mntuooas  of  Auetraliuut. — The  nortb-wpst  monsoons 
of  Australia  come  from  this  belt;  there  it  is  widened,  for  these 
winds  extend  far  down  the  west  coast  of  that  continent.  The 
Malayan  and  Australasian  archipel^o  baTe  a  complication  of 
monsoons  and  sub-monsoons.  The  land  and  sea  breezen  impart 
In  them  peculiar  fuatures  in  many  places,  especiitlly  about  the 
changing  of  the  monsoons,  as  described  by  Jansen  in  his  appendix 
to  the  Itutuh  edition  of  this  work  :  "  We  have  seen,"  saya  he 
"that  Uie  cjilms  which  precede  the  sea  breeze  generally  continne 
luuger,  and  we  acoompnnicd  with  «n  upwaid.  mutiou  of  thftjiir, 
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n  the  contrary,  tUose  wliich  precede  tlie  luid-b 


u  tlie  Java  Sea,  generally  of  tilior 


y  atmouiil 


},  and  t 


an  evident  < 
1  of  Uie  land  breeze  into  the  sen  breece. 
aud  of  the  latter  ioto  the  former.  Even  as  the  oaliiis  vary,  w 
there  appeals  to  be  a  marked  di&erence  between  the  changing  >^ 
the  monsoons  in  the  spring  and  in  the  autumn  in  the  Java  iwo. 
Aa  soon  an  the  sun  has  crossed  the  equator,  and  its  vertical  reya 
be^n  ta  play  more  and  more  perpendicularly  upon  the  northem 
hemisphere,  the  inland  plains  of  Asia,  North  A&ioa,aud  of  K^orth 
America  are  bo  heated  as  to  give  birth  to  the  sonth-weat  tatm- 
soons  in  the  China  Sea,  in  the  North  Indian  Ocean,  in  the  North 
Atlantic,  and  upon  the  west  coast  of  Central  America  :  then  tlte 
north-wcHt  uionsoon  disappears  from  the  East  Indian  Archipdagu, 
and  givea  place  to  the  eoutli-east  trade-wind,  which  is  known 
as  the  east  monsoon,  just  as  the  norlh-west  wind,  which  prevails 
during  the  Houthem  summer,  is  called  the  west  monsooa.  Thie 
is  the  only  north'West  monsoun  which  is  found  in  the  southern 
hemisphere.  While  in  the  northern  hemisphere  the  north-oost 
trade-wind  blows  in  the  China  Sea  and  in  the  Indian  Ocean,  in 
the  East  Indian  Archipelago  the  west  monsoon  prevails;  and 
when  here  the  south-ooHt  trade  blows  as  the  east  monsoon,  we 
find  th&  Gouth-west  monsoon  in  the  adjacent  seas  of  the  northeru 
hemisphere-  Generally  the  westerly  monsoons  blow  during  the 
summer  months  of  the  hemisphere  wherein  they  are  found. 

(04,  Hittjider  and  UgJitning. — "In  the  Java  Sea,  during  the 
month  of  February,  the  west  monsoon  blows  strong  almost  con- 
tinually ;  in  March  it  blows  int«rmittingly,  and  with  turd 
squalls ;  but  in  Apnl  Ihe  squalls  become  less  frequent  and  leas 
sevei'o.  24ow  the  changing  commences ;  all  at  once  gusts  begin 
to  spring  up  from  the  east ;  they  are  often  followed  by  caluia. 
The  clouds  which  crowd  themselves  upon  the  clear  sky  give 
warning  of  the  combat  in  the  upper  air  which  the  currents  there 
are  about  to  wage  with  each  other.  The  eleotrioity,  driven 
■hereby  out  of  its  natural  channels,  in  which,  unobserved,  it  haft 
been  performing  eilentlj',  but  witli  the  full  consciousness  of  its 
power,  the  mysterious  task  appointed  to  it,  now  displays  itsfilf 
with  dazzling  majesty ;  its  sheen  and  its  voice  fill  with  astonish- 
ment and  deep  reverence  the  mind  of  the  sailor — so  susceptible, 
in  the  presence  of  storm  and  darkness,  to  impressions  that  inspire 
leelings  both  of  dread  and  anxiety,  which  by  protended  t 
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IB  ae  BtriTM  in  vain  to  conct^ol.*  Day  and  night  we  now  have 
thunder-storms.  The  clunds  ore  in  continual  niovemenl.,  and  the 
darkened  air,  laien  with  vapour,  flies  in  all  directions  Lhrongh 
the  Ekies.  The  couibat  which  the  cloiidB  seem  to  court  and  to 
dread  appears  to  make  tliem  more  thirsty  than  ever.  They 
resort  to  estraordinary  means  to  refresh  themselves ;  in  tiinual 
I'onn,  when  time  and  opportnnity  fail  to  allow  them  to  quench 
their  thirst  from  the  aarronnding  atmosphere  in  the  naual  man- 
ner, they  de^'«nd  near  the  surface  of  the  sea,  and  appear  to  lap 
the  water  directly  np  with  their  black  mouths.  Water-apoutB 
thus  created  are  often  seen  in  the  changing  season,  especially 
among  small  gronpn  of  islands,  which  appear  tu  facilitatij  their 
fonnation.|  The  water-spouts  are  not  always  accompanied  by 
strong  winds ;  frequently  more  than  one  is  seen  at  a  time,  where- 
upon the  clouds  whence  they  proceed  disperse  in  varions  direc- 
tions, and  the  ends  of  the  watar-*pouts  bending  over  finally  causes 
them  to  break  iu  the  middle,  although  the  water  which  is  now 
Roen  foaming  around  their  base  has  suffered  little  or  no  move- 
ment laterally. 

705.  Wal^-spoidi. — "  Yel  oft«n  the  wind  prevents  the  forma- 
tion of  wator-spoulH.  In  tL«ir  stead  the  wiud-spout  shoota  up 
like  an  arrow,  and  the  sea  seems  to  try  in  vain  to  keep  it  back, 
'fhe  sea.  lashed  into  fury,  marks  with  foam  the  path  along  which 
the  conflict  luges,  and  roars  with  the  noise  of  its  water- spoula ; 
and  woe  to  the  rash  mariner  who  vealures  therein  !f  The  height 
of  the  spouts  is  usually  eomewhst  less  than  200  yards,  and  their 
diameter  not  more  than  20  feet,  yet  they  are  often  taller  and 
thicker;  when  the  opportunity  of  correctly  measuring  them  has 
been  favourable,  however,  as  it  generally  was  when  they  passed 
between  the  islands,  so  that  the  distance  of  their  bases  ouuld  be 
acoui'alely  detenuined,  I  have  never  found  them  higher  than  TOU 

kNu  plionatDUuu  io  oBtnre  mako  «  doeper  iaipreasioii  upon  Uk  nulor  thsa 
rk  thoDilpr^tonn  in  a  luilm  nl  sea. — Jakses. 
I  never  saw  more  wutiir-apunb  IIibd  in  Uie  Aiehipetago  of  Bioiui  Singen 
dtuing  the  clian^mg.    Alniiut  dnlly  we  hiw  ano  or  udiQ,~-JjUts(N. 

I  The  oit-ijioats  near  tUe  equntor  Klwnya  nppcBT  to  me  to  bu  imirG  daugei^ 
ons  than  tlia  watGi~«pouta.  1  bave  once  bad  ano  of  tlie  tattoi  to  puw  s  nliip'a 
length  shutul  ot  niL',  but  I  purcoivud  little  else  thiin  a  wulurfall  in  whick  I 
tliought  to  ooine,  jet  iiu  wiuii.  Yet  the  wutei-spouU  thuru  ulsu  aru  not  to  tH> 
ttoBted.  I  bove  et-eo  mich  ipoats  go  u|i  oul  of  tli«  wuter  npon  the  sborew  vliere 
lite;  overtliruv  strong  iaoLilecl  liaiuu  houses.     I  huvv.  hnwerer.  never  been  iu 

a  litBBtkn  ta^tMEJve  in  what  diraetkn  th«y  itfelTBil^UMS. 


378 


<:  SEA,  AKD  ITS  UBIEOBCUKJT. 


yards,  nor  thicker  than  50  yards.  In  October,  in  the  Archip6- 
lago  of  Kio,  ihey  travel  from  north-west  to  soDth-easL  Thej 
seldom  last  longer  than  five  minutes ;  generally  they  me  ditti- 
paled  in  less  time.  As  they  are  going  away,  the  bulbons  tobe, 
which  is  as  palpable  as  that  of  a  thermometer,  becomes  broadcs 
at  the  base,  itnd  little  clouds,  like  steam  from  the  pipe  of  a  loco- 
motive, are  continually  thrown  off  from  the  circumference  of  the 
spout,  and  gi-adually  the  water  is  released,  and  the  clouds  whence 
the  spout  came  again  closes  it»  moulh.* 

708.  The  ea»t  moneoon  in  the  Java  Sea. — "  During  the  changing 
of  the  monsoons,  it  is  mostly  calm  or  cool,  with  gentle  breese^ 
varied  with  rain-storms  and  light  gales  i'lom  all  points  of  thf 
compass.     ITiey  are  harassing  to  the  crew,  who,  with  brtn)iiq> 

*  Mioiaturo  notcr- spoil  fa  miiy  l«  prodnced  nrtificisUy  by  means  of  eleetrt 
city,  and  tboae  in  nnlDre  are  supposed  to  be  niiispd  by  ihe  diBpIay  of  eloctiici] 
plioDomons.  "  Fcom  tbe  cnnduclor  of  an  electrical  mBchin(>."  snyn  Dr.  Bwr 
BinOi  of  Now  UrIeauB,  "fluspend  by  a  wire  or  duin  a  bidbII  mctnllic  ball  (aot 
of  wood  covered  with  tiuroUl.  and  under  lbs  boll  plftco  b  ratlicr  wide  metallic 
haaa  contaiaing  Mime  oil  of  liupcntioc,  at  tbe  distance  of  about  tliree-qtuflHi 
of  an  inob.  If  tlie  linndle  of  the  mucLiae  be  now  turned  dowly,  ll;v  liquid 
in  the  bnain  nil]  begin  to  idoto  in  (liSbrent  directiona,  and  furm  nhirlpool^ 
As  tbe  electricity  on  the  conductor  accomulatra.  the  troubled  liqnid  will  dfr- 
TBte  itai^lr  in  tbe  ceulre,  and  nt  last  become  attached  to  the  ball.  Draw  off 
the  dectrlcity  from  tlie  condoctOT  to  let  tbe  liquid  leiume  its  position:  a  po^ 
lion  of  the  torpentine  rcmaini  attached  to  the  boll.  Turn  the  handle  igtln 
very  slowly,  and  observe  now  tlie  few  drops  adhering  to  the  ball  aunnic  a 
uouical  sliapt,  witli  the  apex  downward,  while  tlie  liquid  under  it  auumea  abo 
a  conitfd  Hbapo,  the  ajiei  npwnid,  until  both  mcol.  As  the  liquid  doM  tM 
occumulaio  on  the  lull,  there  must  necessarily  be  as  great  a  current  downmod 
na  upward,  giving  tlie  column  of  lujuid  n  rapid  circular  motion,  whioh  o<»> 
tinues  until  tlio  electricity  from  the  conductor  is  nearly  all  discharged,  dlentlA 
or  until  it  ii  disciiurgcd  by  a  epurk  desceudiDg  into  the  liquid.  The  mud* 
phenomena  toko  plnce  with  oil  or  wutcr.  Using  the  hitler  liqnid,  tbe  ball 
tnuat  be  bronglit  much  nearer,  or  a  much  greater  quantity  of  electricHj  ii 

"  If,  iu  this  experiment,  we  Ic-t  the  ball  swing  to  and  fro,  the  liltlo  mtei- 
spout  will  travel  over  ita  miniature  sea,  carrying  its  whirlpools  along  with  ii^ 
Vfbea  it  breaks  np,  a  portion  of  tbe  liqnid.  and  with  it  unytliing  it  may  coi^ 
lain,  remains  attached  to  tliv  ball.  The  fish,  senis.  leaves.  etc„  etc..  that  bay* 
hllen  to  the  earth  iu  min-fquolls,  may  have  owed  ttieir  elcviitiiin  to  l\it  oloOda 
lo  the  amuc  cnuse  tlint  attaches  a  few  drops  of  Uio  liquid,  with  its  particlM  of 
impurities,  tn  the  belt" 


fly  retrtucu  to  Thilo  SIII.. 
lightning  is  of  much  more  frequent  d< 
Athmtjc :  and  I  iii/er  tliut  wu  have  m 
than  in  Hip  wuUiltu  licmlsphero.     D 


<  t)ia(  the  pheaoiuonon  of  thuudei 
irrencB  in  the  North  than  in  the  & 
H  electrical  plienomc 
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fiioea  under  the  olonded  skies,*  impatiently  trim  Ihe  salla  to  the 
changing  wuiiIb,  However,  the  atmottphere  generally  becomes 
clear,  and,  contrary  to  expeciation,  the  north-east  wind  comes 
from  a  clear  sky ;  alwnt  the  coming  of  the  monsoon  it  is  northerly. 
Now  the  clouda  are  again  packed  together;  the  wind  dies  away, 
litit  it  will  soon  bo  waked  up  to  come  again  from  another  point. 
Fiually,  the  regular  laud  and  sea  breezes  gradually  replace  rain, 
and  tvmpeEts,  calms,  and  gentle  galea,  llie  rain  holds  up  during 
the  day.  and  in  the  .lava  Sea  we  have  the  east  monsoon.  It  is 
then  May.  Farther  to  the  south  than  the  Java  Sea  the  east  mon- 
soon commences  in  April. t  This  monsoon  prevails  till  September 
or  October,  when  it  turns  to  become  the  we^t  monsoon.  It  has 
scorned  to  me  thut  the  ea»t  monsoon  Aobb  not  blow  the  same  in 
every  month,  that  its  direction  becomes  more  southerly,  and  ita 
power  greater  after  it  has  prevailed  for  some  time.J 

707.  Currento. — "  It  is  sufficiently  important  to  fii  the  attention, 
seeing  that  these  oirouni stances  have  great  influence  upon  the 
winds  in  the  many  straits  of  the  Archipelago,  in  which  strong 
cuiTontit  ma  most  of  the  time.  Especially  in  the  straits  to  the 
enst  of  Java  these  currents  are  very  strong.  I  have  been  unable 
(o  stem  the  cuirent  with  eight-mile  speed.  However,  they  do 
not  always  flow  equally  strong,  nor  always  in  the  same  direction. 
They  are  probably  the  strongest  when  Ihe  tidal  current  and  the 
equatorial  current  meet  together.  It  is  said  that  the  currenta  in 
the  straits  during  the  east  monsoon  run  eighteen  hours  to  the 
north  and  six  hours  to  the  amith,  and  the  reverse  during  the  west 


eqimtor  more  fVoqnentlj  Umn  the;  du  on  the  other  ?  I  hare  pmised  a  gnat 
dcnl  on  the  aouthcni  bcmiBplieri?,  imd  never  mw  a  «Bte>cpuat  there.  Accord- 
ing to  the  log-booka  at  the  OWrvutoij.  tiiey  oocnr  moBtl;  on  lUe  north  aide 
of  the  eqiulor.— H. 

*  Al  sea  tIjH  tbou  snil  liands  1>uni  (chnnge  the  skui}  mndi  qniclcFT  under  n 
riouded  th&n  imdei  u  vtttar  eky.— .Tasiem. 

t  In  tlie  nortb-eagt  part  of  the  Archipelago  the  aut  inonHonn  is  the  lunj 
uionsoon.  Tim  pheninncna  in  tLu  Durtli-eaA  pari  uro  tbiu  nhclly  different 
from  tliDGD  in  tbii  Java  Sea.— jAtnim. 

;  Ab  !■  wall  kouim.  tbo  Strtut  ot  Sueralia}^  toana  an  olhnw  vliose  caslerlj 
oatlel  opcni  to  the  eoaC.  while  the  westerly  outlet  oiwne  to  tbu  north.  In  (be 
Iwginning  of  the  out  mDnsuon  the  lea  wind  (caat  momioon]  blnm  Uirmlgb  the 
weetorly  entmnce  m  far  oa  Grieeee  (in  Ihe  elbow) :  in  the  latter  pari  of  thi> 
monaoou.  tlic  sea-niud  blows,  ou  Die  oQiitmrj,  Ibmugti  tbo  oiulerl)-  entrance 
aiSat  l»  Samhilangan  ^tbe  narrow  passage  where  tlie  weilerl;  outltt  openi  into 
lite  iatj.'-jAMNM. 
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tnonaoon.  The  passing  of  Uie  meridian  by  the  moon  appeora  to 
be  tho  fixed  point  of  time  for  the  turning  of  the  currentB,  It  h 
probable  that  the  heated  water  of  the  Arcliipelago  is  discluuged 
to  the  north  during  the  east  monsoon,  and  to  the  south  danug 
the  west  monsoon. 

70a.  Marking  the  teatotu. — "  As  the  sea  makes  the  coining  of  fl» 
sonthern  summer  known  to  the  inhabitanteof  the  Java  coast,"  th* 
tnming  of  the  east  monsoon  into  the  weat  monsoon  cnmnienw* 
Affer  the  sun  has  finished  its  yearly  task  in  tho  northern  hemi- 
sphere, and  brings  its  powerful  influence  to  operate  in  tho  soathivn 
hemiKphero,  a  change  is  at  once  perceived  in  the  c<)n8tant  fiw 
weather  uf  the  east  monsoon  of  the  Java  Sea.  Ah  soon  aa  it  is  M 
its  height  npon  the  Java  Sea  (6^  south),  then  the  true  turning  of 
the  monsoon  begins,  and  is  accomplished  much  more  rapidly 
than  tho  spring  turning.  [The  calms  then  are  not  so  oonttnnoiift. 
The  combat  in  the  upper  atmosphere  appears  to  be  less  violotit; 
the  Bonth-oast  trade,  which  has  blown  as  the  east  monsoon,  do» 
not  seem  to  have  sufficient  strength  to  resist  the  a^^ressors,  whix 
with  wild  storms  from  the  north-west  and  west,  make  their  supe- 
riority known.  Upon  and  in  the  neighbourhood  of  the  luid 
thunder-stonna  occur,  but  at  sea  they  are  leas  frequent. 

70!*.  Gimfiiet*  in  fhf  air. — "  The  atniOEphero,  alternately  olcnr 
and  cloudy,  moves  more  definitely  over  from  the  n<jrth-west,  lo 
that  it  appears  as  if  no  combat  was  there  waged,  and  the  eoath- 
east  gives  place  without  a  contest.  The  land  breezes  become  Ian 
fi'equent,  and  the  phenomena  by  day  and  night  become,  in  k 
certain  sense,  more  acoordant  with  each  other.  Storms  of  wind 
and  rain  benoath  a  clouded  sky  altemate  with  severe  gales  aud 
steady  winds.  lu  tho  last  of  Novcm1>er  the  west  monfioua  it 
permanent. 

710.  Patting  of  the  calm  hdts. — "  Such  are  the  ehiftings,  Bot 
what  have  they  to  do  with  the  general  system  of  the  circulation 
of  the  atmosphere  ?  Whenever  wo  read  attentively  the  bean- 
tiful  meditations  of  the  founder  of  the  Meteorology  of  the  Se«, 
and  follow  him  in  the  development  of  his  hypothesis,  wHch  lays 
open  to  view  the  wheels  whereby  the  atmospbere  porformB  its 
varied  and  comprehensive  task  with  order  and  regularity,  then  it 
will  not  be  nooessaiy  to  furnish  proof  that  these  turnings  an 

*  In  tlio  Atcliipclngo  we  huve  guntnlly  high  wntw  but  ao»  ii  dny, 
with  Uie  rquino»c«.  tho  tides  alio  Inm,     The  pbw»  wliirh  Imva  " 
b;  day  Id  nae  monsoau  get  it  nl  iii^'ht  iu  Um  otbor. — Jasees. 


881 

nothing  tAm  than  ihe  paseing  uf  a,  bolt  of  coIide  whk'h  separates 
the  montiooiis  frum  each  other,  and  TChich,  an  we  know,  goes 
aimuuUy  with  the  sun  from  the  south  to  the  north,  and  back 
over  the  torrid  zone  to  and  fro. 

711.  Where  ihey  arc.lhfre  the  chaaging  n/lhe  Kontoons  U  ifnirig  on. 
— "So  bIho  the  calms,  which  precede  the  land  and  sea  winds,  are 
turned  back.  If,  at  the  coming  of  the  land-wind  in  the  hilla,  we 
go  with  it  to  the  coast — to  the  sea,  wo  shall  perceive  thai  it 
tJioves  away  the  calms  which  preoL-ded  it  from  the  hilU  to  the 
coast,  and  so  (ai  uputi  the  eo-a  as  the  land-wind  eilonds.  Hera, 
upon  the  limits  of  the  peimauent  monsoon,  the  place  fur  the 
.-ahufi  remaitis  for  the  night,  to  be  turned  back  to  the  laud  and 
ti>  the  hills  the  following  day  by  Ihe  sea-wind.  In  every  place 
where  these  caluia  go,  the  land  and  nea-winds  turn  back.  If 
various  observeni,  plaeed  between  the  hills  and  the  sea,  and 
between  the  coast  and  tlie  farthest  limit  of  the  laud-wind,  noted 
the  moment  when  they  perceived  the  calms,  and  that  when  th«y 
perceived  the  land-wind,  then  by  this  means  they  would  learn 
how  broad  the  belt  of  oalma  has  been,  and  with  what  rapidity 
tliey  ore  pushed  over  ihu  sea  and  over  the  land.  And  even 
though  the  results  one  day  should  be  found  not  to  agree  very 
well  with  thoiMj  of  another,  tbey  would  at  least  obtain  an  avernge 
thereof  which  would  be  of  value,  tio,  on  a  larger  scale,  the  belt 
of  calma  which  separates  tlie  monsoons  from  each  other  presses 
in  the  spring  from  the  south  to  the  north,  and  in  the  fall  fi'ou 
tlie  north  to  the  south,  and  changes  the  monsoons  in  every  place 
where  tt  presses."" 

f,B^mge  Notunituniligp  Bi^srLrijviag  dec  zv^  verlsald  <!iwr  M,  ELJuuca, 
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CHAPTER  XVII, 
§  720-735. — TtTE  CLIMATES  ot 

720.  A  "  ntlkj/  wag"  in  the  ocean. — Themml  charts,  elu 
the  temperature  uf  the  surface  of  the  Atlantic  Ocean  by 
afaserrations  made  iixliscrimiiiat^Jy  all  over  it,  mid  at  nil  limtt 
of  the  year,  have  been  publiBhed  by  the  National  Obecrvalory. 
The  isothermal  lines  which  these  chartB  enable  na  to  dniw-,  andt 
few  of  which  are  traced  oa  Plate  IV.,  affoi'd  the  navigator  and  the 
philosopher  much  valuable  and  mt«reBting  information  touching 
the  eircnlation  of  the  oceanic  waters,  including  the  phenunicnB  df 
their  cold  and  warm  currents;  these  lines  disclose  a  thermal  tiAt 
in  the  sea,  which  ebbs  and  flows  but  once  a  year ;  they  also  cast 
light  upon  the  climatology  of  th«  sea,  its  hyctographio  peouli^ 
ritiea,  and  the  climate  conditions  of  varions  regions  of  the  earth: 
they  show  that  the  profile  of  the  coast-line  of  intertropical 
Atnerictt  assisla  to  give  expression  to  the  mild  climate  of  Sonthan 
Europe;  they  also  increase  our  knowledge  concerning  the  Ooif 
Stream,  for  they  enable  us  to  mark  out,  for  the  tnariner'e  gDld- 
anoe,  that  "  milky  way  "  in  the  ocean,  the  waters  of  which  t4em, 
and  sparkle,  and  glow  with  life  and  incipient  organisms  ae  tbej 
flow  across  the  Atlantic.  In  them  are  found  the  clusters  aod 
nehulte  of  the  ocean  which  stud  and  deck  the  great  highway  of 
ships  on  their  voyage  between  the  Old  World  and  the  New ;  and 
these  lines  assist  to  point  out  for  the  navigator  tlicir  limits  and 
hia  way.  They  show  this  via  ladea  to  have  a  vibratory  motion 
in  the  sea  thai  calls  to  mind  the  graceful  wavingu  of  a  pennon  aa 
it  floatfl  gently  to  the  breeze.  Indeed,  if  we  imagine  the  head 
of  the  Gulf  Stream  to  be  hemmed  in  by  the  land  in  tbe  Stiuita  uf 
Bernini,  and  to  be  btationaiy  there,  and  then  liken  the  tail  of 
the  Stream  iteelf  to  an  immense  pennon  floating  gently  in  the 
current,  such  a  motion  as  such  a  streamer  may  be  imagined  tu 
have,  very  much  such  a  motion,  do  my  researches  show  the  tail 
of  the  Gulf  Stream  to  have.  Running  between  banks  of  cold 
water  (§  71),  it  is  pressed  now  from  the  north,  now  from  the 
M>iith,  according  as  the  great  masses  of  sea  water  on  either  " 
may  change  or  fluctuate  in  temperature. 

721.  The  nibratumt  of  the  G«J/S(reani.— In  September,  whei 
watcre  in  the  cold  regions  of  the  north  have  been  tempered,' 
been  made  warm  and  light  by  the  heat  of 


'  cold 
a  tbe 
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the  left  ara  as  deaoted  by  the  line  at'  unowa  (Plals  VI.j  ;  bat, 
after  this  great  euD-swiDg,  the  watars  on  the  ]eft  side  begin  to 
lose  their  heat,  grow  cold,  beconia  heavy,  and  press  tha  hot 
waters  of  this  stream  into  the  channel  marked  out  for  tbem. 
Thus  it  acta  like  a  pendulum,  slowly  propelled  by  boat  on  one 
side  and  repelled  by  coM  on  the  other.  In  this  view,  it  becoaieu 
a  chrouognipU  lor  the  sua.  keepi:ig  time  tur  its  inhabitants,  and 
maiking  the  seasons  for  the  great  whales ;  and  there  it  baa  been 
for  all  time  vibrating  to  and  fro,  once  every  year,  swinging  from 
north  to  south,  and  from  south  to  north  again,  a  great  self-rogn- 
latiug,  sulf  oomptjusuting  pendulum,  beatiog  time  in  the  sea  to 
the  seasons  of  the  year. 

722.  Seo  and  land  climaloM  contnutcd. — In  seeking  information 
oonoeming  the  climates  of  the  ocean,  it  is  well  not  to  forget  thitt 
reniarkable  contrast  between  its  climatology  and  that  of  the  land, 
namely  :  on  the  laud  February  aud  August  are  considered  the 
(coldest  and  tUe  hottest  months  ;  but  to  the  inhabitants  of  the  sea, 
the  annual  extremes  of  oold  and  heat  occur  in  tie  months  of 
Mareh  nnd  Ijeplember.  On  the  dry  land  afti>r  the  winter  "  is  past 
and  gone,"  the  solid  part«  of  the  earth  continue  to  receive  from 
the  sun  more  heat  in  the  day  than  they  radiate  at  night,  con- 
sequently there  is  an  accumulation  of  caloiio,  which  continues  to 
iiicrea=6  until  August,  The  summer  ts  now  at  its  height ;  for, 
with  the  close  of  this  month,  the  solid  partd  of  the  earth's  crust 
and  the  atmosphere  above  begin  to  dispense  with  their  heat  faster 
than  the  rays  of  the  sun  can  impart  fresh  supplies,  and  oouse- 
quently,  the  climates  which  they  regulate  grow  cooler  nnd  cooler 
until  the  dead  of  the  winler  again,  But  at  sea  a  different  mle 
seems  to  prevail.  Its  waters  are  the  store-bouses*  in  which  the 
surplus  heat  of  summer  is  stored  away  against  the  severity  of 
winter,  and  its  waters  continue  to  grow  warmer  for  a  monib  alter 
the  weather  on  shore  has  begun  to  get  cool.  This  brings  the 
highest  temperature  to  the  sea  in  September,  the  lowest  in  March. 
Pluto  IV.  is  intended  to  show  the  extremes  of  beat  and  cold  tu 
which  the  walera — not  the  ice — of  the  sea  are  annually  subjected, 
and  therefore  the  iaolherms  of  40°,  oU",  00",  70",  and  80'  have  been 
drawn  for  March  and  September,  the  mouths  of  extreme  beat 
aud  extreme  cold  lo  the  inhabitants  of  the  "great  deep."     Cor- 

^wnding  isotherms  for  any  other  month  will  fall  between 

ftoK,  taken  by  pairs.    Thus  the  isotherm  70°  for  July  will  foil 

*  rui<Ct»p.XXIL,^t(itwMtb]rBtUteEaL 
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uearly  midway  between  the  earns  isotbertus  (TO")  foi-  &larek^^| 

September.  ^^M 

72').  Plate  IV. — A  careful  study  of  this  plate,  and  the  C^V 
templalion  of  the  heuigo.  influence  of  the  eea  upon  the  climAM  1 
which  we  enjoy,  surest  many  beimtiful  thoughts  ;  for  by  sack  I 
study  wo  get  a  glunpee  into  the  arrangements  ani]  the  deiaila  of  I 
(hat  exquisite  machinery  in  the  ocean  which  enables  it  to  p«rfom 
all  ita  offices,  and  to  answer  with  fidelity  its  marrelluus  adapia-  I 
tions.  How,  1st  ns  inqniro,  does  the  isolhermal  of  80°,  fi» 
instance,  get  from  its  position  in  March  to  ilB  positioti  in 
September  ?  Is  it  wafled  along  by  currenta,  that  is.  by  trntcr 
which,  after  having  been  heated  near  the  equator  to  BiT',  then 
flowB  to  the  north  with  this  temperature  ?  Or  is  it  carrieJ  thert 
simply  by  the  mya  of  the  Bun,  as  the  t^now-line  is  earned  up  the 
moimlain  in  Gummor?  We  have  reason  to  believe  that  it  is 
carried  from  one  parallel  to  another  by  each  of  these  aganbi 
acting  together,  but  mostly  through  the  instmmontali^  uf 
cniTents,  for  currents  are  the  chief  agents  for  distribntiiig  heat  to 
the  variouH  parts  of  the  ocean.  The  sun  with  its  rajs  would, 
wore  it  not  for  currents,  raise  the  water  in  the  torrid  zone  ta 
blood  heat;  but  before  that  can  be  done,  they  ran  o(T  with  it 
towards  the  poles,  softening,  and  mitigating,  and  tempering 
olimatoB  by  the  way.  The  provision  for  this  is  as  beautiful  as  it 
IB  benign ;  for,  to  answer  a  physical  adaptation,  it  is  provided  by 
a  law  of  nature  that  when  the  temperature  of  water  is  raised,  it 
shall  expand  :  as  it  expands,  it  must  become  lighter,  and  just  In 
proportion  as  its  sijecific  gravity  is  altered,  just  in  that  proportion 
is  equilibrium  in  the  sea  destroyed.  Arrived  at  tliis  condition, 
it  is  ordained  that  this  hot  water  shall  obey  another  low  of 
nature,  which  requires  it  to  run  away,  and  hast«n  to  restore  that 
equiiibrium.  Were  these  iaothermal  lines  moved  only  by  the  rays 
of  the  sun,  they  would  slide  up  and  down  iho  ocean  like  so  many 
parallels  of  latitude — at  least  there  would  be  no  bi«ak  in  them, 
like  that  whiok  we  see  in  the  isotherm  of  80"  for  Septeniber.  It 
appears  from  this  line  that  there  is  a  part  of  the  ocean  near  th« 
equator,  and  about  midway  the  Atlantic,  which,  with  ila  waters, 
never  does  attain  the  temperature  of  80"  in  September.  Mor^ 
over,  this  isotherm  of  80"  will  [lass  in  the  North  Alluntic,  from 
its  extreme  southern  to  its  extreme  northern  declination— uearly 
two  thousand  miles— in  about  three  months.  Thus  it  travels  at 
the  rale  of  about  twenty-two  miles  a  day.     Surely,  wilhout  tlie 
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aid  of  cun-ents,  the  rays  of  the  bud  could  not  di'ivo  it  along  that 
fast,  lu  lliiB  fact  we  have  another  link  in  ilie  chain  of  proof 
(Chap.  XXII.),  going  to  show  ihat  the  sea  receives  more  heat 
than  it  radiatct  off  again.  Being  now  left  to  the  gradual  process 
of  cooling  by  evaporation,  atmoBpliericnl  contact,  and  radiation, 
this  isotberm  ocetipies  lie  other  eight  nr  nine  montlio  of  the 
•year  iu  elowly  returning  south  to  the  purallul  whence  it  com- 
menced  to  flow  northward.  Ab  it  does  not  cool  as  rapidly  as  it 
wivs  health,  the  dieturbimce  of  equilibrium  by  alleraiion  of 
specific  gravity  in  nut  so  sudden,  nor  the  current  whioh  in 
required  to  restore  it  bo  rapid.  Honco  the  slow  rate  of  move- 
ment at  which  ihis  line  travels  on  its  Hiai'cb  soulh.  Between 
the  meridians  of  2.5°  and  .'tO°  west,  the  isutherai  of  tlO"  in  Sep- 
tember ascends  as  high  ae  the  parallel  of  b6°  N.  In  October  it 
reaches  ihe  pai-allel  of  bO"  nonh.  In  November  it  ib  found 
beneath  the  parallels  of  45"  and  47°,  and  by  December  it  has 
nearly  retiched  its  extreme  southern  descent  between  these  meri- 
dians, which  it  accomplishes  in  January,  standing  then  near  the 
parallel  of  40°.  It  is  all  the  rest  of  the  year  in  returning  north- 
wai-d  to  the  parallel  whence  it  commenced  ila  flow  to  the  soutli 
in  tjepteniber.  Now  it  will  bo  observed  that  this  is  the  Eeason — 
from  September  to  December — immediately  succeeding  that  in 
which  tlie  beat  of  the  sun  has  been  playing  with  greatest  activity 
upon  the  polar  ice.  Its  melted  waters,  which  are  thus  put  in 
mutiun  in  June,  July,  and  August,  would  probably  occupy  the 
fall  months  in  reai-hing  the  parallels  indicated,  liiese  waters, 
though  cfdd,  and  rising  gradually  in  temperature  as  they  flow 
south,  are  probably  frenher,  and  if  so,  probably  tighter  than  the 
»ea  water;  and  therefore  it  may  well  be  that  both  the  warmer 
and  cooler  systems  of  tb(«e  isothermal  lines  are  made  to  vibrate 
up  and  down  the  ocean  principally  by  a  gentle  snrface  current  in 
the  season  of  quick  motion,  and  in  the  heuson  of  the  bIow  motion 
priucipaliy  by  a  gi'adnal  process  of  calorific  abtsorption  on  the 
one  hand,  and  by  a  gradual  process  of  cooling  on  the  other,  Wo 
have  pi-ccisely  such  phenomena  exhibited  by  the  waters  of  the 
Chesapeake  Bay  ob  they  spread  themselves  over  the  sea  in  winter. 
At  ibifl  season  of  the  year,  the  churls  show  that  waler  of  verj' 
low  tomperulure  is  found  projecting  out  and  overlapping  the 
u.-iuul  limits  of  the  Gulf  iStrcum.  The  outer  edge  of  this  cold 
waler,  though  jagged,  is  oiroulur  in  its  shape,  ^ving  its  centre 
near  the  mouth  of  the  bay.     The  watuis  of  the  bay.  being  frusher 
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than  those  oi  the  sea,  are  therefore,  though  colder,  yet  ligbtn 
(S  426)  than  the  warmer  waters  of  the  oceau.  And  thus  we  hive 
repeated  here,  though  on  a  emaller  scale,  the  phenometiA  u  h 
the  flow  of  cold  waters  from  the  north,  whi<.'h  force  the  ear&M 
isotherm  of  60'  from  latitude  66"  to  the  parallel  of  40°  daring 
three  or  four  months-  Changes  in  the  colour  or  depth  of  tb 
water,  and  the  shape  of  the  hottom,  etc.,  are  also  oolciilated  k 
oaose  changes  in  the  temperature  of  certain  parts  of  the  oceuL 
by  increasing  or  diminiiihiiig  the  capacitiea  of  sacb  parts  Id 
absorb  or  radiate  beat;  and  this,  to  some  extent,  Bf^eiets  la  bend 
or  produce  irregular  ciirveB  in  the  isothermal  linea.  After  * 
careful  study  of  this  plate,  and  the  Thermal  Cliarts  of  the 
AUantio  Ocean,  from  which  the  materials  fur  it  are  deriTed,  1 
am  led  to  infer  that  from  Januaiy  to  August  the  mean  lomp«iT» 
tare  of  the  atmOHpbere  between  the  parallels  of  56°  and  40"  aortb. 
for  instance,  and  over  that  part  of  the  ocean  in  which  we  havt 
been  considering  the  fiuctuattons  of  the  isothermal  liuo  of  60°,  u 
at  least  60"  of  Fahrenheit,  and  upward,  aiid  that  the  heat  which 
the  waters  of  the  ocean  derive  from  this  source — aliuoapherical 
contact  and  ludiation — is  one  of  the  causes  which  move  the 
isotherm  of  '•O"  from  its  Junnury  to  its  September  paralleL  Jl 
is  well  to  consider  another  of  the  caasee  which  are  at  work  upon 
the  currents  in  this  part  of  the  ocean,  and  which  tend  to  give  the 
I'Upid  southwardly  motion  to  the  isotherm  of  60°.  We  know  the 
mean  dew-point  must  alwaj's  be  bctow  the  mean  temperature  of 
any  given  place,  and  that,  consequently,  as  a  general  rule,  at  ee* 
ihe  mean  dew-point  due  the  isotherm  of  60^  is  higher  than 
the  mean  dew-point  along  the  isotherm  of  50°,  and  this,  agun, 
higher  than  that  of  40",  this  than  30°,  and  so  on.  Kow  suppone, 
merely  for  the  sake  of  illustration,  that  the  mean  dew-point  for 
each  isotherm  be  5'^  lower  than  the  mean  temperature,  we  should 
then  have  the  atmosphere  which  crosses  the  isotherm  ot  00% 
with  a  mean  dew-point  of  55°,  gradually  precipitating  its  Tapoon 
until  it  reaches  the  isotherm  of  50'',  with  a  mean  dew-point  of 
45° :  by  which  difference  of  dew-point  the  total  amount  of  pre- 
eipitulion  over  the  entire  eono  lielween  the  isotherms  of  60°  and 
50°  has  exceeded  the  total  amount  of  evaporation  from  the  name 
Murfaoe.  The  prevailing  direction  of  the  winds  lo  the  north  of 
[ho  fortieth  parallel  of  north  latitude  is  from  the  southward  and 
westwitj-d  (Plate  VIII.)  ;  in  other  words,  it  is  from  the  higher  to 
(he  lower  JKOthorms,      Tai^iiug,  tlierefore.  from  u  higher  to  m 
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lower  temperature  over  the  ocean,  the  total  amount  of  vapour 
depi>t-ite<t  by  any  giveu  volume  of  atmusph(.TC,  an  it  ie  blown 
from  the  vicinity  of  the  tropical  towardB  that  of  the  polarregions, 
ie  greater  than  tliat  which  is  taken  np  again.  Tliis  ie  an  in- 
teresting and  important  fat^-t. 

724.  TTie  effects  of  night  and  dag  upon  Ihe  teviperaiure  of  »ea  aula: 
—  Having,  therefore,  more  precipitation  in  high  than  in  low 
latitudes  at  sea,  we  ehould  have  more  clouds;  and  therefore  it 
requires  a  longer  time  for  the  sun,  with  his  feeble  rays,  lo  rniite 
ilio  temperature  of  the  cold  water  which,  from  September  to 
January,  haa  brought  the  isothiirm  of  60"  from  latitude  Sli"  down 
to  the  parallel  of  40°,  than  it  did  for  those  cool  surface  currents 
to  float  it  down.  After  tliis  southwardly  motion  nf  ihe  isotherm 
of  60^'  has  been  checked  in  Dooember  by  the  cold,  antl  after  the 
Botircp.s  of  the  current  which  have  brought  it  down  have  been 
bound  in  fetters  of  ice,  it  pauBea  in  the  long  nights  of  the  norlliern 
wiuler,  and  emrcely  commences  its  return  till  the  sun  recrosseH 
tho  equator,  with  increased  powers  both  as  to  intensity  and 
duration.  Thus,  in  studying  tiie  physical  geography  of  the  sea, 
wo  miist  tako  cognizance  of  its  actinometry  also,  for  hero  we 
bavo  the  e&'ects  of  night  and  day,  of  clouds  and  ninshine,  upon 
■jto  cuTreuts  and  its  climates,  beantiiiilly  developed.  These  cfi'ects 
e  modified  by  the  operations  of  certain  powerful  agents  which 
Mtde  upon  the  land  ;  nevertheless,  feeble  though  those  of  tho 
claKS  may  be,  a  close  study  of  this  plate  will  indicate  that 
ley  surely  exist. 
■-  725.  A  bell  of  miform  lempemlare  al  sea, — Now,  returning 
towards  the  south :  we  may,  on  the  other  band,  infer  that  tlic 
muan  atmospherical  temperature  for  the  parallels  between  which 
the  isotherm  of  80'^  fluctuates  is  below  60°,  at  least  for  tbe  nine 
months  of  its  slow  motion.  This  vibratory  motion  suggests  the 
idea  that  there  is  probably,  somewhere  between  the  isotherm  of 
SfP  iu  August  and  tho  isotherm  of  SO"  in  January,  a  line  or  belt 
of  invariable  or  nearly  invariable  temperature,  which  extends  on 
B  siufaco  of  the  ocean  from  one  side  of  Ihe  Atlantic  to  tho 
This  belt  or  band  may  have  its  cycles  also,  but  they  are 
bobably  of  a  long  and  uncertain  period. 
(720.  The  vjexl^n  hai/u/lhe  AUaniic  warmerUum  lite  eaalen. — The 
let  haa  been  pretty  clearly  established  by  the  diaooveries  t« 
^ch  the  wind  and  current  charts  have  led,  that  the  western 
If  of  the  Atlantio  Ooean  is  heated  up,  not  by  the  Gulf  ijtream 
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alone,  as  is  generally  supposed,  bat  ($  131)  by  th«  gntt 
equatorial  caldnin  to  the  weet  of  longitude  35°,  and  to  the  noflh 
fjf  Cape  St,  Roque.  iii  Brazil.  The  fowerf  reach  of  ite  80* 
isothenn  fov  September — ^if  we  escept  tbo  remarkable  uqnatoriil 
fleiure  (Plate  IV.)  wliich  actually  eilcnda  from  40"  north  to  tb* 
line — to  the  west  of  the  meridian  of  Cape  St.  Koque,  is  above  ill 
kighett  reach  to  the  eu-st  of  that  meridian.  And,  now-  thut  w« 
have  the  fuat,  how  obvioua.  how  beautiful,  and  etrilcing  is  Ika 
cause!  Cape  St.  Roque  is  in  5°  30'  south-  Now  Bttidy  tb* 
configuration  of  the  Southern  American  Continent,  from  this  oap6 
to  the  Windward  Islands  of  the  West  Indies,  and  take  iuba 
acoonnt  aleo  ceilain  physical  conditions  of  these  regions  :  tha 
Amazon,  always  at  a  high  temperature  because  it  rune  from  v>eit 
to  east,  is  pouring  an  immense  volume  of  warm  water  into  lliii 
part  of  the  ocoim.  As  this  water  and  ihe  heat  of  the  axm  zam 
the  temperature  of  the  ocean  along  the  equatorial  gea-&o&t  of 
this  coast,  there  is  no  escape  for  the  liquid  element,  as  it  growl 
warmer  and  lighter,  except  to  the  north.  The  land  on  the  aontb 
prevents  the  tepid  waters  from  spreading  out  in  that  direction  as 
they  do  to  the  east  of  35°  west,  for  here  there  is  a  space,  about 
18  degrees  of  longitude  bioad,  in  which  the  sea  is  clear  both  to 
the  north  and  soutli :  they  must  consequently  flow  north.  A 
mere  inspection  of  the  plate  is  snfEcient  to  make  obvious  the  &et 
that  the  warm  waters  which  are  found  east  of  the  usual  limtta 
asnigned  the  Gulf  Stream,  and  between  the  parallels  of  30°  and 
40°  north,  do  not  come  from  the  Gulf  Stream,  but  from  this  great 
equatorial  caldron,  which  Cape  St.  Roque  blocks  up  on  the 
south,  and  which  dispenses  its  overheated  waters  up  towards  thA 
fortieth  degree  of  north  latitude,  not  through  the  Cariblieon  Se» 
and  Gulf  Stream,  but  over  the  broad  surface  of  the  left  boaoia  of 
the  Atlantic  Ocean. 

727.  The  learmetl  tides  of  oeeiiju  and  Sie  aidftl  ahrree  of  eonlin^iOw 
in  jtucta-pimtiim. — Like  the  western  half  of  the  North  Atlantio 
Ocean,  the  western  half  of  every  one  of  the  three  groat  oceana  U 
the  warmer.  The  great  flow  of  warm  water  in  the  North  Pacific  is 
wiUi  tlio  "  Black  Stream  of  Japan,"  on  the  Asiatic  side ;  in  the 
South  I'aciSc  it  is  wiih  the  Polynesian  drift,  on  the  Australiaa 
side :  opposilo  to  those  warm  Pacific  currents  and  on  its  eastern 
aide,  are  the  Humboldt  current  in  one  hemitpliere.  and  th« 
California  current  in  the  other— oold  cnneiits  buili.  In  the 
South  Indian  Ocean,  the  warm  water  is  with  the  Mozambique 
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current  on  the  African  niAe,  and  the  cold  drift  on  the  Austrdion : 
and  in  the  South  Atlantic,  Plate  IV,  shows  that,  parallel  for 
parallel,  the  littoral  watera  of  Brazil  are  several  degrees  wanner 
than  those  on  llic  African  eide.  'IIiub  at  sea  the  climatic  ccmditiona 
of  the  land  are  rcTeraed,  fur  the  coldest  side  of  the  ocean  is  nest 
the  warmeet  side  of  the  oontinent.  and  vice  wrtd.  The  winda 
from  extra- tropical  Beas  temper  the  climates  of  the  ehoroa  upon 
which  ihey  blow,  not  so  much  by  the  seneible  heil  they  convey 
at)  by  the  latent  heat  wliich  is  liberated  fium  the  vapour  thej 
bring.  This  being  condensed,  as  tipion  the  British  Inlands  and 
WeBtern  Europe,  sets  free  heat  enough  not  only  to  soflen  the 
climate,  but  hi  rarefy  the  air  to  such  an  cstent  as  to  be  observed 
in  the  mean  barometric  preBsnre. 

728.  7^  dimalei  of  Ewrope  iitjivenecd  hi/  the  »hore-linei  ofBraad. 
— Here  wo  are  again  tempted  to  pause  and  admire  the  beautifnl 
revGlations  which,  in  the  benign  Byateio  uf  t«rre8trial  adaptations, 
these  researchcH  into  the  physicB  of  the  sea  unfold  and  spread  out 
before  us  for  contemplation.  In  doing  this,  we  shall  have  a  IVee 
pardon  from  those  at  least  who  delight  "  to  look  through  nature 
up  to  nature's  God."  What  two  things  in  nature  can  be  appa- 
rently more  remote  in  their  physical  relations  to  each  other  than 
the  climate  of  Western  Europe  and  the  profile  of  a  coaat-Iine  iu 
South  America?  Vet  this  plate  reveals  to  us  not  only  the  fact 
that  these  relations  between  the  two  are  most  intimate,  but 
makes  us  acquainted  with  the  arrangements  by  which  such 
relations  are  eatablished.  The  barrier  which  the  South  American 
shore-lino  opposes  to  the  escape,  on  the  south,  of  the  hot  waters 
from  this  great  equatorial  caldron  of  St.  Hoque,  causes  them  to 
flow  north,  and  in  September,  us  the  winter  approaches,  to  beat 
up  the  wesleni  half  of  the  Alkntic  Ocean,  and  to  cover  it,  as  far 
up  as  the  paniltel  of  40"  N.,  with  a  mantle  of  warmth  above 
summer  heat.  Here  heat  to  temper  the  winter  climate  of 
Western  Europe  ie  stored  away  as  in  an  air-chamber  to  funiace- 
heated  apartnienta;  and  during  the  winter,  when  the  fire  of  the 
solar  rays  sinks  down,  the  westwardly  winds  and  eastwardly 
currents  are  sent  lo  perform  their  office  in  this  benign  arrange- 
ment. Though  unstable  and  capricious  to  us  they  seem  to  be, 
they  noverthuless  "fulfil  His  commandments"  with  regularity 
and  perform  tlieir  ofBcos  with  certainty.  In  tempering  tlie 
climatefi  of  Europe  with  heat  in  winter  that  has  been  bottled 
the  watei-s  of  the  ocean  during  summer,  these  winds  and 
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currents  are  to  he  regarded  aa  the  Sues  and  regulators  fur  dl»  | 
tribiitiDg  it  at  the  right  time,  and  at  the  right  places,  in  tfa«  righl 
quantitieB.  By  Mui«h,  when  "  the  winter  is  paBt  and  gono,"  tlw 
furnace  which  had  been  started  by  the  raye  of  the  sim  in  tlu 
previous  summer,  and  which,  by  autumn,  had  heated  up  ibt 
Doean  in  our  hemisphere,  has  cooled  down.  The  caldroQ  of  9t 
Boque,  ceasing  in  activity,  has  failed  in  its  supplies,  and  liu 
chambers  of  warmth  upon  the  northern  sea,  having  be«n  exbanstBd 
of  their  heat«d  water  (which  has  been  expended  in  the 
already  explained),  have  contracted  their  limits.  The  surface  of 
heated  water  which,  in  September,  was  spread  out  over  tlu 
western  half  of  the  Atlantic,  from  the  equator  to  the  parallel  of 
40"  north,  and  which  raised  this  immense  area  to  the  t«mperatun 
of  80''  and  upward,  is  not  to  be  found  in  early  spring  on  this  side 
of  the  parallel  of  S"  north.  The  isotherm  of  80°  in  March,  after 
quitting  the  Caribbean  Sea,  runs  parallel  with  the  South  Am 
coast  towards  Cape  St.  Kuque,  keeping  some  8  or  10  degrvcs  from 
it.  Therefore  the  heat  dispensed  over  Europe  from  this  caldron 
foils  off  in  March.  But  at  this  season  the  sun  cumee  forth  with 
fresh  supplies ;  he  then  crosses  the  line  and  passes  over  into  the 
northern  horoisphere ;  observations  show  that  the  proc«as  of 
lieuting  the  water  in  this  great  caldron  for  the  nest  winter  is 
now  about  to  commence.  In  the  mean  time,  so  benign  i 
systL-m  of  cosmical  arrangements,  another  process  of  raising  the 
tirmperature  of  Europe  commences.  The  land  is  more  readily 
impressed  ihan  the  sea  by  the  heat  of  the  solar  rays;  at  th^ 
season,  then,  the  summer  climate  due  these  transatlantic  latitudes 
is  modified  by  the  action  of  the  sun's  rays  dii'ectly  upon  the 
land.  The  loud  receives  heat  from  them,  but,  instead  of  having 
the  capacity  of  water  for  retaining  it,  it  imparts  it  straightway 
to  the  air ;  and  thus  the  proper  climate,  because  it  is  the  climate 
which  the  Creator  has,  for  his  own  wise  purposes,  allotted  to  this 
portion  of  the  earth,  is  maintained  until  the  marine  caldron  of 
Capo  St.  Boque  and  the  tropics  is  again  heated  and  brought  Into 
the  stale  for  supplying  the  vapour  and  the  heat  to  maintain  the 
needful  temperature  in  Europe  during  the  absence  of  tl 
the  other  ihemisphere.  Thus  the  equable  climates  of  Western 
Europe  are  accounted  for. 

721>.  The  Gulf  of  Ouinea  and  Uie.  diwaie  nf  Ptttagoma.—lti  like 
manner,  the  Gulf  of  Quinea  forms  a  caldron  and  a  furnace,  and 
spreads  out  over  the  South  Atlantic  an  air-chamber  for  hea 
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lip  ia  wintvr  and  OMuting  to  kbtp  warm  the  extra-Uupical  regions 
(if  South  America.  Every  traveller  has  nMuarked  upon  the  mild 
1  liniate  of  I'tilagonia  aod  the  Falkland  Islands.  •* '^'emperature 
ill  liiti;h  Bontherii  latitudes,"  says  a  very  eloae  obst^rver,  who  in 
00 -operating  with  me  in  coUeoling  mutermla,  "differs  greatly 
fiom  the  lumperaturo  ia  northern.  In  twulhom  latitudes  there 
aeums  W  be  no  estremea  of  heat  and  oold,  us  at  the  north.  Kew- 
port,  Kbodo  Island,  for  instaucB,  latitude  41'  north,  longitude 
71'  WBHt,  and  Rio  Negro,  latitude  41°  aouib.  and  lungittidu  63° 
vtest,  us  «,  comparison  :  in  the  foiTQor,  cattle  have  to  bo  Etabled 
and  fed  during  the  winter,  not  being  able  to  get  a  living  in  the 
fiulJe  on  account  of  buow  and  ice.  In  the  latter,  the  cattle  feed 
in  the  fields  all  winter,  there  being  plenty  of  vegetation  and  no 
use  of  hay.  On  the  Falkland  Island  (latitude  51-2"  south), 
ihoiiaaods  of  bnllockH,  sheep,  and  hurseH  are  running  wild  over 
the  country,  gathering  a  living  all  through  the  winter."  The 
water  in  the  equatorial  caldron  of  fJiiinea  overflows  to  the  south, 
an  that  ul'  tit.  Koque  does  to  the  north ;  it  carries  to  I'alagunia 
and  the  Falkland  Islands  warmth,  which,  uniting  with  the  Laat 
set  free  by  precipitatiuu  during  the  passage  of  the  vapour-laden 
west  winds  across  the  Soutliem  Andes,  carries  beyond  latitude 
50°  into  the  othor  hemisphere  the  winter  climate  of  South 
Carolina  on  one  side  of  the  North  Atlantic,  or  of  the  ■'  Emerald 
Island  "  on  the  otlier, 

730.  Shore-lines. — All  geographer  have  noticed,  and  philo- 
sophers have  frequently  remarked  upon  the  oonfonoity  as  to  the 
shore-line  profile  of  equatorial  America  and  equatorial  Africa. 
It  is  true,  we  cannot  now  tell  the  reason,  though  explanations 
founded  irpun  mere  conjecture  have  been  otfered,  why  there 
should  be  this  sort  of  jutting  in  and  jutting  out  of  the  shor«-liiie, 
as  at  Capo  St.  Roque  and  in  the  Gulf  of  Guinea,  on  opposite 
sides  of  the  Atlantic ;  but  one  of  the  purposes,  at  least,  which 
this  peculiar  configuration  was  intended  to  subserve,  is  without 
doubt  now  revealed  to  us.  Vio  sec  that,  by  this  configuration, 
two  cisterns  of  hot  water  are  formed  in  this  ocean,  one  of  which 
distributes  heat  and  warmth  to  west«m  Europe ;  the  other,  at 
the  oppobite  season,  helps  to  temper  the  climate  of  eastern  Pata- 
gonia. Phlegmatic  must  be  the  utud  that  is  not  impressed  vith 
ideas  of  gmndeur  and  fiintpliuity  as  it  cuDtemplat«s  that  exquisite 
design,  those  benign  and  beautiful  arrangements,  by  which  the 
climate  of  one  hemisphere  is  made  to  depend  upon  the  curve  of  that 
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line  against  wbioli  the  sea  is  made  to  Aask  its  waves  id  the  olhtf. 
Impressed  with  ihe  perfection  of  terrestrial  adaptations,  he  «bl 
studies  the  economy  of  the  great  cosmical  arraisgemants  ia  n- 
minded  that  not  only  is  there  di^sign  in  giving  sb ore-lines  tliur 
profile,  the  land  nnil  iho  water  their  proportionB,  and  in.  pladag 
tie  desert  and  the  pool  where  they  are,  but  the  oonviotion  is 
forced  upon  bim  also  that  every  hill  and  vfdley,  with  the  gms 
upou  its  sides,  is  a  part  of  iba  wonderful  meciatuam,  each  baTtng 
its  offices  to  porfiirm  in  the  grand  design.  March  is,  in  the 
southern  heminphere,  the  first  month  of  autumn,  as  Septctnber  i> 
with  us  ;  consequently,  we  should  expect  to  find  in  the  South 
Atlantic  as  Wge  an  area  of  water  at  60'  and  upwards  in  March, 
m  we  should  find  in  the  Kortb  Atlantic  for  September,  But  do 
we  ?  By  no  means.  The  area  that  is  covered  on  this  side  of  tha 
equator  with  water  at  80°  and  upwards  is  nearly  double  that  on 
the  other.  Thus  we  have  the  sea  as  a  witness  to  the  fact  which 
the  winds  bad  proclaimed,  viz.,  that  summer  in  the  northern 
hemisphere  is  hotter  than  summer  in  the  goutJiem, 

Till.  SimW^b  changet  in  Ike  vxiter  thermometer. — Pursuing  IIm 
study  of  the  climates  of  the  sea,  let  na  nowiurn  to  Plata  VI. 
Here  we  see  at  a  glance  how  the  cold  waters,  as  they  comd  down 
from  the  Arctic  Ocean  through  Davis'  Straits,  press  upon  the 
warm  waters  of  the  Gulf  Stream,  and  curve  their  channel  into  a, 
horse-shoe.  Navigators  have  often  been  struck  with  the  gimt 
and  sudden  changes  in  the  temperature  of  the  water  herenbouta. 
In  the  course  of  a  single  day's  sail  in  this  part  of  ihe  ooeau. 
changes  of  15%or20°,  fmd  even  of  .'JO".  Imve  been  observed  to 
Iftke  place  in  the  temperature  of  the  sea.  The  cause  has  puzzled 
navigators  long,  but  bow  obvious  is  it  now  made  fo  ap3>ear! 
Thifl  '■  bond  "  is  the  great  receptacle  of  the  icebergs  which  drift 
down  from  the  north ;  covering  frequently  an  ai'ea  of  hundreds  of 
miles  in  extent,  it^  waters  differ  as  much  as  20°,  2h°,  and  in  imre 
cases  even  as  rouab  as  30°  of  temperature  from  those  about  it. 
Its  sbspe  and  place  are  vaiiable.  Sometimes  it  is  like  a  peninsula, 
or  tongue  of  cold  water  projected  far  down  into  tlie  wal«re  of 
the  Oulf  Stream.  Sometimes  the  meridian  upon  which  it  is  in- 
serted into  these  is  to  the  east  of  40",  sometimes  to  the  weet  of 
50".  On  my  passage  to  England  November,  I8(iO,  1  passed 
over  this  horse-shoe;  the  water  in  it  was  16"  colder  than  the 
water  at  its  side.  It  looked  as  though  we  might  have  been  on 
Noundings, 
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i/>3»  of  Nete/oundland. — By  its  discovery  we  have  clearly 
nDmaHkod  the  very  seal  of  that  agent  which  produces  the  New- 
foundland fogB.     it  is  ttprcad  out  over  an  area  frequently  om- 
ttracing  neveral  thousand  square  miles  in  extent,  covered  with 
Id  water,  and  surrounded  on  threu  Hides  at  least  with  an  im- 
body  of  wunn.     May  it  not  b©  that,  the  proximity  to  each 
of  thcne  two  very  unequally  heated  surfaces  out  upon  the 
would  be  attended  by  utmoBpherical  phenomena  not  unlike 
ihoNS  of  the  land  and  sea  breezes 't     These  warm  currents  of  the 
sea  are  powerful  meteorological  agent«.     I  have  been  enabled  to 
.bace  in  thunder  and  lightning  the  influence  of  tlie  Onlf  Stream 
the  eastern  half  of  the  Atlautio  as  far  up  as  the  paritUel  of  55° 
for  there,  in  the  dead  of  winter,  a  thunder-storm  is  not  im- 

.  Aqaeota  itothermai  Kiww. — ^Thoae  isothermal  linos  of  50°, 
',  70°,  80°,  etc.,  may  illustrate  for  us  the  manner  in  which  the 
mates  in  the  ocean  are  regulated.    Like  the  sun  in  the  ecliptic, 

Chey  travel  up  and  down  the  sea  in  declination,  and  serve  the 

monBt«r8  of  the  deep  for  signs  and  for  seasons. 

734.  The  meeting  of  cod  and  Korm  tcateri. — It  should  be  borne 
^^io  mind  that  the  lines  of  separation,  as  drawn  on  Plate  IX., 
^^2>6t^^c°  the  cool  and  warm  waters,  or,  more  properly  speaking, 
^Hntween  the  channels  representing  the  great  polar  and  equatorial 
^H|uz  and  reflux,  are  not  so  sharp  in  nature  as  this  plate  would 
^^topresent  Ihem.  In  the  first  place,  the  plate  reprosenta  the  mean 
^H)^  average  limits  of  these  constant  flowa — polar  and  equatorial ; 
^^■iliereaB,  with  almost  every  wind  that  blowa,  and  at  every  change 
^B«f  season,  tho  line  of  meeting  between  their  waters  is  shifted. 

In  Ihe  nest  place,  this  line  of  meeting  is  drawn  with  a  free  hand 
on  the  plate,  as  if  to  represent  an  average ;  whereas  there  is 
reason  to  believe  that  this  line  in  nature  is  variable  and  unstable 
08  to  position,  and  as  to  sbape  rough  and  Jagged,  and  oftentimes 
deeply  articidated.  In  ibe  hoa,  tJie  lino  of  meeting  between 
waters  of  different  temperatures  and  density  is  not  unlike  the 
sutures  of  the  skull-bmie  on  a  grand  scale— very  rough  and 
jagged  ;  but  on  the  plate  it  is  a  line  drawn  simply  with  a  free 
luuid,  merely  for  the  purpose  of  illustration. 

735.  T%e  direction  o/aqaeout  tiolherma  an  i^ipotile  aidet  of  the  tea. 

ENow,  continuing  for  a  moment  our  examination  of  Plate  IV., 
I  ale  struck  with  the  fact  that  most  of  the  tliermal  lines  there 
iwn  run  from  the  irestem  Bide  of  the  Atlantio  towarda  tho 
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eastom,  in  a  north-oastwardly  direction,  and  that, 
proach  liie  shores  of  this  ocean  on  the  east,  they  agaii 
for  lower  hititudee  and  waimer  cHniateM.  lliis  feature 
indicates,  more  surely  than  any  direct  observatktna 
currents  can  do,  the  presence,  along  the  African  aliOTes 
North  Atlantic,  of  a  largo  volume  of  cooler  watcra. 
the  waters  which,  having  been  first  healed  up  in  the 
(S  72iS)  of  St.  Koque,  in  the  Caribbean  Sea,  and  Gulf  of  Uexio«t 
have  been  made  to  run  to  the  north,  charged  with  heat  ud 
electricity  to  temper  and  i^gulato  climates  there.  Having  per- 
formed their  ofScos,  they  have  cooled  down ;  hut,  obedient  still 
to  the  "  Mighty  Voice "  whioh  the  winds  and  the  wavue  obey. 
they  now  return  by  this  channel  along  the  African  tdinre  to  faa 
again  replenished  with  warmth,  and  to  keep  up  the  eyi 
beneficent  and  wholesome  circulation  designed  for  tlia 
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740.  TKa  gloriet  of  the  »ea,  and  the  dettiny  of  Oie  nautilw. — We 
never  tire  of  the  sea ;  lihe  the  atmosphere,  it  is  a  laboratory  in 
which  wonders  by  processes  the  most  exquisite  are  continnally 
goingon.  It«  flora  and  iU  fauna,  its  waves  and  its  tides,  its  cnrrents 
and  its  sa]l«,  all  in  themselves  aflbrd  profitable  snbjceta  of  Btndj 
and  charming  themes  fur  thought.  But  aa  interoeting  as  they  an 
individually,  and  as  marvellous  loo,  they  aie  not  half  so  nsr* 
vellouM,  nor  nearly  so  wonderful  as  the  offices  which,  wilh  their 
aid,  the  sea  performs  in  the  physical  economy  of  our  planet.  In 
this  aspect  the  sea,  with  its  iueects,  its  sails,  and  ils  vapouis,  ia  ft 
machine  of  the  most  beautiful  consti'uction.  Its  powei's  are  Tsst, 
multitudinous,  and  varied.  It  is  so  stable  and  true  in  its  WOii 
that  nothing  can  throw  it  out  of  gearing,  and  yet  its  compeiuft- 
taons  are  so  delicate  tluit  the  task  of  preserving  them  is  aissigned 
to  the  tiniest  of  its  inhabitants,  and  to  agents  apparently  die 
most  subtle  and  fickle.  They  preserve  its  hormimies  and  maJn 
its  adjustments,  in  beauty  and  sublimity  of  e8ect,  to  vie  with 
the  glories  of  tlie  heavens.  Take  ihe  tiny  little  nautilus,  one  of 
the  oldest  families  in  the  sea,  fur  example.  \\'bere,  inquifM 
M.  Lucien  Dubois,  do  they  go  in  such  fleets  with  their  poaih 
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nicely  trimmed  to  the  brueKc?  Who  pilota  them,  and 
wluit  master  hand  holda  the  helm  ?  VVhut  oompnss,  and  of  whoiw 
workmanship,  is  that  which  guides  tltesc  delicate  and  griiceful 
little  argonauts  from  sea  to  eea?  Arriving  off  the  "  Stormy 
CftjioB,"  tiie  flotilla  is  separated,  one  division  holding  its  way  for 
the  Pacific,  the  other  hauling  up  for  the  Atkntic,  each  bound  on 
its  high  and  secret  mission,  'i'hey  build,  equip,  and  repair  as 
they  go ;  the  fleet  is  imperishable,  but  individual  life  in  it  is 
ephemeral.  They  die,  these  tiny  "  men  o'  wiir,"  one  after  another, 
but  the  same  watchful  I'rovidence  that  cared  i'or  them  while 
living,  now  provides  for  their  burial  being  dead.  The  inanimate 
sheli,  drawn  to  distant  seas  by  under  currents,  descends  like 
autumnal  leaves  from  depth  to  depth  by  an  insensible  fall.  In 
future  times  the  seaman's  sounding-rod  may  rtwch  the  bottom  on 
which  it  has  fallen,  and  thus  reveal  to  man  the  eecret  paths  of 
the  sea, — or  when  ihe  geological  clock  next  strikes  the  hour,  the 
same  little  shell  may,  by  some  throe  of  nature,  bo  brought  up  to 
the  surface,  and  spread  out  in  its  marl  bed,  to  fertilize  and  make 
fruitfnl  unknown  lands. 

741.  Driji  dctcribed. — There  ia  a  movement  of  the  waters  of 
the  ocean  which,  though  it  be  a  translation,  yet  it  does  not 
amount  to  what  is  known  to  the  mariner  as  *'  cnrrent,"  for  our 
uaulicat  instruments  and  the  art  of  navigation  have  not  been 
brought  to  that  sUte  of  perfection  which  will  enable  navigators 
generally  to  detect  as  currents  the  flow  to  which  1  allude  as  drift. 
If  an  object  be  set  afloat  in  the  ocean,  as  at  the  equator,  it  would, 
in  the  course  of  lime,  even  though  it  should  not  be  caught  up  by 
any  of  the  kuuwn  oiirrenls.  find  its  way  to  the  icy  barriers  about 
the  poles,  and  again  back  among  the  tepid  waters  of  the  tropics. 
Such  an  object  would  illustrate  the  dri/l  of  the  tea,  and  by  its 
conrse  would  indicate  the  route  which  the  surface-waters  of  the 
soa  follow  in  their  general  channels  of  circulation  to  and  fru 
between  the  equator  and  the  pulus, 

74-i.  Plate  IX.— I'lie  object  of  Plate  IX.,  therefore,  is  to  iUna- 
tmte,  as  fur  us  the  pri.'.-^ent  etat«  of  my  researches  enable  me  todo, 
circulation  of  the  oilcan  as  influenced  by  htat  and  eM,  and 

indicate,  on  one  hand,  the  routes  by  which  the  overheated 
of  the  torrid  zone  escape  to  cooler  regions,  and  to  point 
tlie  other,  the  great  channel-ways  through  which  the 
waters,  utter  having  been  deprived  of  tlus  heat  in  the  exlra- 
lical  or  polar  regiuns,  return  i^^ain  towards  the  etjuntor ;  it 
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being  oKBnnied  thut  the  drift  or  flow  is  from  the  polce  wlwa  ^ 
temperature  of  (he  Burfuce  water  is  below,  and  from  the  eqnatoiU 
regions  when  it  is  above  that  due  the  Utilnde.  Therefore,  in  • 
mere  diagram,  as  this  plate  in,  the  numeTotui  eddies  and  load 
carrents  which  are  found  at  eea  are  disregarded.  Of  all  tha 
currents  in  the  sea,  theOulf  Stream  is  the  bc<st  defined  ;  its  tinii!^ 
eBpooially  fhoue  of  the  left  bank,  are  always  well  marked,  aadH 
■  rule,  thiwe  of  the  ri^ht  bank,  ae  high  aa  the  pnrallel  of  Urn 
thirty-fifth  degree  of  liLtitiidc,  are  quite  distinct,  being  ofles 
visible  to  the  eye.  The  Gulf  Stream  Bhifta  its  channel  (S  124), 
but  nevertheless  its  banks  are  often  very  distinct.  Ships,  ia 
croBsiug  the  edges  of  it,  can  aometimes  know  it  by  the  colour  of 
the  water ;  at  other  times  they  find,  aa  they  paae  along,  the 
temperature  of  the  waler  to  change  8°  or  10°  in  the  eourso  of  ■• 
many  minutes ;  as  an  example  of  this,  I  quote  from  the  abstract 
log  of  the  "  Herculean,"  in  wjiich  Captain  William  M.  Chanlbe^ 
lain,  being  in  latitude  ^3°  39'  north,  longitude  74"  6(i'  wejit  (about 
one  hundred  and  thirty  miles  east  of  Cupe  Fear),  remarks : 
■■  JloJerate  breezes,  aniooth  sea.  and  fine  weather.  At  fen  o'cloti 
fifty  minutes,  entered  into  the  southern  (right)  edge  of  lie 
Sti'eam,  nnd  in  eight  minutea  the  water  rose  sis  degrees :  tin 
edge  of  the  stream  was  visible,  aa  far  as  the  eye  could  see,  hy 
the  great  rippling  and  large  quantics  of  Gulf  weed — more  "weed' 
than  I  ever  saw  before,  and  1  have  beeu  many  timea  along  HiJif 
route  in  the  last  twenty  years."  In  this  diagram,  thereforw,  X 
have  thought  it  upeleas  to  attempt  a  deiincation  of  any  of  thoee 
currents,  as  the  Rennell  Current  of  the  North  Atlanlio,  tlw 
"  oonnecting  current "  of  the  South,  "  Mentor's  Counter  Drif^" 
"HosBel's  Drift  of  the  Sinith  Paoifio,"  oto.,  which  mn  now  tluB 
way,  now  that,  and  which  are  frequently  not  felt  by  iwvigatoiB 
at  all.  In  overlmuling  the  log-books  for  diila  for  this  chart,  I 
have  followed  vessels  wilh  tliu  water  thermometer  to  and  fto 
serosa  the  seas,  and  taken  the  registrations  of  it  exclusively  fcr 
my  guide,  without  regard  to  the  reported  set  of  the  currents. 
Wheu.  in  auy  latitude,  the  temperature  of  the  water  has  appeand 
too  high  or  too  low  for  the  latitude,  the  inference  has  been  that 
such  water  was  warmed  or  oooled,  as  the  case  may  be,  in  other 
latitndea,  and  that  it  lias  been  conveyed  to  the  place  whet's  fuoad 
through  the  great  chaimels  of  oceiknio  circulation.  If  too  wann, 
it  is  supposed  thnt  it  had  its  temperature  raised 
latitudes,  and  therefore  the  channel  in  which  it  is  found  If 


a  equatorial  regions.  On  Ihe-other  band,  if  the  water  b 
for  the  latitude,  then  ihu  infei'ence  in  that  it  )ias  loet  it 
heat  in  colder  ciimatea,  and  therefore  is  fiiirnd  in  channels  wkicl 
lead  from  the  polar  regions.  The  arrow-heada  point  to  tha  < 
direction  in  which  the  waters  are  supposed  to  flow.  Their  rale, 
according  to  the  heat  information  that  1  have  obtained,  ia.  at  a 

)nly  abont  fonr  knota  a  day — rather  less  than  more. 
Accordingly,  therefore,  aa  the  immense  volume  of  water  in  lh« 
antarctic  r^iona  is  cooled  down,  it  commenoeB  to  Sow  u 
As  indicated  by  ihe  armw-heads,  it  alrikes  against  Cape  ITorti, 
and  is  divided  by  tbe  continent,  one  portion  going  along  thfti 
west  coast  ae  Humboldt's  (Current  (S  308) ;  the  other,  entering  th*" 
South  Atlantic,  flows  up  into  the  Gitlf  of  Guinea,  on  the  coast  irf 
Africa.  Now,  as  the  waters  of- this  polar  flow  approach  iho  torrid 
lone,  they  grow  warmer  and  warmer,  and  finally  themaelvot 
become  tropical  in  their  temperature.  They  do  not  then,  it  may 
be  supposed,  stop  their  flow  ;  on  the  contrary,  they  keep  rao 
for  the  very  cause  which  brought  them  from  the  extm-ti^pical 
regions  now  operates  to  send  them  back.  This  cause  is  to  bft. 
found  in  the  difference  of  the  specific  gravity  at  the  two  plaoeK 
If,  for  instance,  these  waters,  when  they  commence  their  flow; 
from  the  hyperborean  regions,  were  at  HO",  their  specific  gravity; 
,  will  correspond  to  that  of  sea  water  at  30^     But  when  they 

Q  the  Gulf  of  Guinea  or  the  Bay  of  Panama,  having  riRen 
by  the  way  to  80°,  or  perhaps  8S°,  their  specific  gravity  become! 
Bucb  as  ia  due  to  sea  water  of  this  temperature  ;  and,  since  fiiiidliJ 
differing  in  specific  gravity  can  no  more  balance  each  otber  oa 
tlic  same  level  than  can  unequal  weights  in  the  opposite  scales  o£ 
a  true  balance,  this  hot  water  must  now  return  to  restoi-e  that 
equilibrium  which  it  has  dcstmyed  in  the  sea  by  rising  from  30' 

r  Sfi".  Hence  it  will  be  perceived  that  these  masses  o 
water  which  are  marked  as  culd  are  not  always  cold,  Th»]r 
gradually  pass  into  warm ;  for  in  travelling  from  the  polca  to  the- 
equator  they  partake  of  the  temperature  of  the  latitudes  through 
whioh  they  flow,  and  grow  warm,  Plate  IX^  therefore,  is  only 
intToduoed  to  give  general  ideas ;  nevertheless,  it  is  very  in- 
•traotivo.  See  how  the  influi  of  cold  water  into  the  South 
'  Atlantic  appears  to  divide  the  warm  water,  and  equeene  it  out  at 
the  sides,  along  the  coasts  of  South  Africa  and  Ilrazil.  So,  too, 
n  the  North  Indian  Ocean,  the  culd  water  again  compelling  the 
mna  to  escape  aldng  tluilandat  the  sid6B,aa  well  aaoooauouallf 
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in  ibft  middle.    In  the  North  Atlantio  and  North  PaciSo,  a 
oontmry,  the  warm  water  appears  to  divide  the  cold,  uid  I 
aqueeKs  it  out  along  the  liintl  at  thesidee.     The  impreBHioxi  t 
bj'  the  cold  current  from  Doffiu's  Bay  upun  the  Gulf  Straai 
strikingly  beautiful. 

743,  Ike  great  bend  in  Ihe  Gulf  S(r«i™.— Another  feature  d 
sea  expressed  by  thia  plate  ia  a  sort  of  refleetiun  or  recast  ol 
shore-lino  in  the  t«mperiiture  of  the  water.  This  feature  is  B 
striking  in  the  North  Pacific  and  Indian  Oceans.  ITio  i 
ablo  intiiiEion  of  the  cuol  into  the  Toltime  of  warm  waters  to  t].. 
southward  of  the  Aleutian  lalanda  ia  not  unlike  that  (§  73l| 
which  the  cool  waters  from  Davis'  tjlraits  make  in  the  AtlontiJ 
upon  the  Gulf  Stream,  In  sailing  throtigh  this  ••  horse-shoe,"  <i 
bend  in  the  Gulf  Stream  (§  731),  Captain  N.  B.  Grant,  of  ^ 
American  ship  "  Lady  Arhella,"  boimd  from  Hamburgh  to  Nwi 
York,  in  May,  1864,  passed,  from  daylight  to  noon,  twent^r-fcmj 
large  "  bei^,"  besides  several  small  ones,  "  the  whole  ocean,  m 
far  as  the  eye  conld  reach,  being  literally  covered  with  them.  I 
should,"  he  continued,  "judge  the  average  height  of  them  aht 
the  Burfeee  of  the  sea  to  be  about  sixty  feet ;  some  five  o 
tliem  wore  at  least  twice  that  height,  and,  with  their  frozen  j 
jutting  up  in  the  most  fantastic  shapes,  presented  a  truly  subltin 
Speotocle." 

744,  The  ]ior*e-Mhoe  in  the  Japan  eurrenl. — The  "horae-shoe" 
cold  in  the  warm  water  of  the  North  Pacific,  though  exfeni 
5  degrees  farther  towards  the  south,  cannot  he  tlie  harhoar  f 
such  icebei^s.  The  cradle  of  those  of  the  Atlai 
iu  the  Frozen  Ocean,  for  they  may  have  come  thence  tbroi)( 
Baffin's  Bay.  But  in  the  Pacific  there  is  no  nursery  for  t 
The  water  in  Behring'a  Strait  is  too  shallow  to  let  them  j 
irom  that  ocean  into  the  Pacific,  and  the  climales  of  Rxu 
America  do  not  favour  the  formation  of  large  bergs. 
though  we  do  not  find  in  the  North  Pacific  the  pbysicid  c 
ditions  which  generate  icebergs  like  those  of  the  Atlantic,  « 
find  them  as  abundant  with  fogs.  The  line  of  separation  betv 
the  warm  and  cold  water  assures  us  of  these  conditio 

745,  The  oniniaicute  of  the  §ea. — What  beautiful,  grand,  i 
benign  ideas  do  we  not  see  eipreasod  in  that  immense  body  ol 
warm  waters  which  are  gathered  together  in  the  middle  of  Aj 
Pacific  and  Indian  Oceans !  It  is  the  womb  of  the  sea.  In  H 
«gral  islands  iuuumerablo  have  been  fanhioued,  and  pearls  formej 


in  "  great  heaps  ;"  there  multitudes  of  living  things,  coimtleaB  in 
iiiimbei-s  and  infinite  in  variety,  are  huurly  conceited.  With 
Hpace  enougli  U>  hold  the  four  continents  and  to  spare,  the  tepid 
waters  of  this  part  of  the  ocean  teem  with  naHcent  oi^nisms.* 
They  sometimes  ewarm  so  thickly  there  that  they  change  the 
colour  of  tlio  sea,  making  it  crimson,  brown,  bkck,  or  white, 
iiL'cording  Ui  their  own  hues.  These  patches  of  coloured  watt-r 
■"  imetimes  exti^nil,  especially  in  the  Indian  Ocean,  ae  far  as  the 
iM.'  oan  reach.  The  qnostion,  "  What  produces  them?"  is  one 
Unit  haa  olicitod  much  diNonssion  in  seafaring  circles.  The 
BmsBola  Conference  deemed  them  an  object  worthy  of  attention, 
and  I'ecoimnendod  apecial  obeerrations  with  r«^rd  to  them. 

746.  Cotoared  paichen.—Cwpi.  W,  E.  Kingman,  of  the  American 
clipper  ship  the  "Shooting  Star,"  reports  in  his  abstract  log  a 
remarkable  while  patch,  which  he  encountered  in  lat.  8°  46'  S., 
long.  105°30'  K.,  and  whieh,  in  a  letter  to  me,  he  thus  describes: 
"Hwrwiij,  July  27,  1854.     At  7h.  45m.  p.m.,  my  attention  wb« 
called  to  notice  the  colour  of  the  water,  which  was  rapidly  grow- 
ing white.     Knowing  that  we  were  in  a  much  frequented  part  of 
the  ocean,  and  haviui^  never  heard  of  such  an  appearance  being 
I  obverved  before  in  this  vicinity,  1  could  not  account  for  it,     I 
■■Bmedintely  hove  the  ship  to  and  cast  the  lead ;  had  no  bottom 
Bft  60  fathoms.     T  then  kept  on  onr  course,  tried  the  water  try 
IBiennametDr,  and  found  it  to  be  78|°,  the  same  aa  at  8  a.m.     We 
Hpled  a  tub,  containing  some  sixty  gallons,  with  the  water,  and 
Hjpimd  that  it  was  filled  with  small  luminous  particles,  whtob, 
^rhen  stirred,  presenled  a  most  romarltablo    apjieiraace.     The 
whole   tub  seemed  In   he   active   with  worms  and  inseels,  and 
looked  like  a  grand  display  of  rockets  and  serpents  seen  at  a 
great  distance  in  n  dark  night ;  some  of  the  serpents  appeared  to 
be  six  inches  in  length,  and  very  luminnua.     We  caught,  and 
could  feel  them  in  our  hands,  and  they  ^vould  emit  light  until 
briiiigbt  within  a  few  feet  of  a  lamp,  when,  upon  looking  to  see 
what  we  had,  behold,  nothing  wa«  visible ;  but,  by  the  aid  of  a 
*  "  II  ift  tliu  TealiD  of  ri'tf-bnildiDg  comla,  snil  of  the  wondrovuly-bcaatinil 
SMOtnblngs  I'f  aoinukls.  TCrlohroto  and  iiiTBrtebtBte,  that  Wye  amnng  them  ot 
pnrjt  upon  tb«iD.     Tbe  brigbteal  and  most  definite  Bniuigdnonts  of  coluur  lae 
bvK  dupUyed    It  ta  the  seat  of  msximnm  deletopmmt  <j(  the  oinjiirily  nf 
■nariae  gvuern.    It  boa  bnt  few  relstioiu  of  id(intitr  with  otbvr  proviti''ea.    Tbn 
Red  1*B4  mid  Poraiun  Ciilf  lire  ltd  offaols,"-Flom  Piati'ssot  F,.rlK.»V  Pspcr 
oil  tlie  -  Dialrfbiition  of  Murine  lifu."    Plate  aUt.  Johnston'  Phyalml  Atlu, 
Snded.:  Wm.  Blookwood  and  eu[Ui.Edliibitr(!li and  London,  ISM. 
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sextant's  magnifier,  wo  could  pltiiiily  aoe  a  jelly-like  Bnl«UDw 
without  oolonr.  At  last  a  specimen  was  oliiained  of  nboul  U-  , 
inches  iu  length,  and  plainly  visible  tu  the  nakeij  eye ;  it  «M 
about  the  eize  of  a  large  hair,  and  lapcred  at  the  ends,  B( 
bringing  one  end  within  about  one-fourth  of  an  inch  of  a  lighlcJ 
lamp,  the  flame  was  attracted  towards  it,  and  burned  with  a  red 
light;  the  enhstanoe  crisped  in  horning  some  thing  like  a  hair, 
or  appeared  of  a  red  heat  befure  heing  coneunied.  In  a  gloss  of 
the  water  there  were  several  small  round  sniistances  (nay  ,1^^ 
of  an  inch  in  diameter),  which  had  the  power  of  exfiauding  le 
more  thiin  twice  their  ordinary  size,  and  then  contracting  t^ajn^ 
when  expanded,  the  outer  rim  appeared  like  a  circular  saw,  onit 
that  the  teeth  pointed  towards  the  centre.  This  patch  of  while  i 
water  was  about  23  miles  in  length,  north  and  sontli,  diTidcJ 
near  its  centre  by  an  irregular  strip  of  dark  water  half  a  mile 
wide  ;  its  east  and  went  extent  I  can  say  nothing  about.  I  ban 
seen  what  is  calleil  white  water  in  about  al!  tlie  known  txseaiu 
and  seas  in  the  world,  hut  nothing  that  would  coniparo  with  thie 
in  extent  or  whiteness.  Although  we  were  going  at  the  rate  C>f 
nine  knota,  the  ship  made  no  noiso  either  at  the  how  or  stern. 
The  whole  appearance  of  the  ocean  was  like  a  plain  covered 
with  snow.  There  was  «»roe  a  cloud  in  Iho  heavens,  yet  the 
sky,  for  about  ton  degrees  above  the  horizon,  appeared  as  blank 
as  if  a  storm  was  raging ;  the  stars  of  the  first  magnitude  slioni(  ' 
with  a  feeble  light,  and  the  '  Milky  Way  '  of  the  beaveas  «M  ' 
almost  entirely  eclipsed  by  thai  through  which  we  were  aaitnig. 
The  scene  waa  one  of  nwfnl  grandeur  :  the  sea  having  tumod  In 
phosphorus,  and  the  heavens  being  hung  in  blackness,  and  the 
stars  going  out,  seemed  to  indicate  ibat  all  nature  waa  preparing 
tor  that  last  grand  conflagration  which  we  are  taught  to  believe 
is  to  annihilate  this  material  world.  After  passing  throngh  tfae 
patch,  we  noticed  that  tbe  sky,  for  four  or  five  degrees  above  tlie 
horizon,  was  considerably  illuminated,  something  like  a  faint 
aurora  borealis.  We  soon  passed  out  of  eight  of  the  whole  con- 
cern, and  had  a  fine  night,  without  any  eonflagration  (except 
of  midnight  oil  in  trying  to  find  out  what  was  in  tlie  water).  I 
send  you  this  because  1  believe  yon  request  your  corps  of  '  one 
thousand  assistants'  to  fumicih  you  with  all  such  items,  and  1 
trust  it  will  bo  aoceptahle.  But  as  to  ita  furnishing  you  with 
mnoh,  if  any,  information  relative  to  the  insects  or  animals  that; 
lubitthemightydoeii,  time  will  only  tell  i  I  cannot  think  it  n 
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747.  Whmee  ihe  iferf  Sea  derivet  it»  tiotiie. — Thee^  dixRoloam- 
liuns  »w  HI}  doiibl  caused  by  organieDie  ni  the  aeu.  bnt  wlietber 
wholly  animal  or  wholly  vogetnble,  or  whether  ^ometimeB  the 
one  and  some'imeH  the  other,  hfts  not  been  satiBfactorily  aKXT- 
tained.  I  have  bad  opegimons  ot'tho  colouring  matter  sent  to  me 
friim  the  pink-stained  patches  nf  the  Bea.  Thoy  were  animaltnlaB 
well  defined.  The  tinta  which  have  piven  to  the  Red  Sea  its 
name  may  perhapx  he  in  some  measure  due  to  agencies  similar  tu 
tl^o:^e  whiyh,  iii  tho  salt-makors"  ponds,  give  ii  reddish  cant  (5  71 ) 
til  the  brine  just  before  it.  reacheH  thiii  jKiint  of  cinoeDtration 
when  cryetallization  is  to  commence.  8nme  mieroHC'>ptats  main- 
tain thiit  this  linge  i»>  iinparttd  h-.-  tho  sliells  and  othrr  i^maiiis 
nf  inftisorin  which  have  pt-risfaed  in  the  growing  HallnesB  of  the 
waler  The  Hed  Sea  may  be  regnrdod.  in  a  certain  light,  as  the 
Hcene  of  n.itiiral  sall-workB  on  a  giund  tieali-.  The  urocees  is  by 
Holar  ovapuration.  No  rains  in<i<rft.-rv,  for  that  sea  (§  SIG)  ia  in  a 
riverlfw-B  dibtricf,  and  the  evaporation  goes  on  unceasingly,  day 
and  night,  the  year  round.  The  shores  are  lined  with  iucninta- 
liiiiiH  of  salt- and  the  same  causes  which  tinjte  with  red  (S  71)  th^ 
hrine  in  the  vata  of  the  nalt-mHkcia  probably  impart  a  like  hue 
to  the  anus  and  ponds  along  the  Nhore  nf  ihici  eeu.  Quantitien. 
also,  of  oliniy.  red  colouring  matter  are.  at  certain  Eonoons  of  the 
year,  washed  up  along  Ihe  i-hoi-es  nl'  the  Hed  8c«,  which  Dr. 
Khrenberg,  afier  an  examination  imdur  the  microscope,  pro- 
noniioes  to  bti  a  verj'  dolioate  kind  of  Kea-wpod  :  from  this  matter 
that  tea  derived  its  name.     So  also  the  Yellow  Sea.     Al'ing  the 

f      (XMBl8  of  China,  vellowiKh-cilourt'd  spotB   are  Raid  not  to  be 

^■SBOonimon.     I  know  of  no  eiamiiialion  of  this  colouring  matter. 

^Hbywuver.     In  the  I'acific  Uceati  1  have  oAen  observed  these  dts- 

[  I   OolonrattuDH  of  the  sea.     Red  palchew  of  water  are  moat  fieqnently 

met  with,  bnl  I  have  also  observed  white  or  milky  appearaut^ev, 

ivhich  at  night  I  have  known  greatly  to  alann  navigators  by  their 

being  taken  for  ^honlK. 

748.  7%e  ewajif  ofiearm  tealert  from  ttie  Pitfijie. — Theee  teeming 
waters  bear  off  through  their  several  channels  the  nurplus  heat 
of  the  tropics,  and  disperno  it  among  the  icebergs  of  the  An'nrctic. 
See  the  iuimense  equatorial  flow  to  Ihe  eaxt  of  AnRtralia,  and 

fh  I  have  called  the  Polynesian  Drift.  It  is  hound  for  tho 
•arriers  of  that  nnknown  sea,  there  to  temper  climala;,  grow 
and  return  «;fain,  rofretihing  nun  and  beast  by  the  way, 
r  as  the  Humboldt  current,  or  the  ice-bcoring  cun-ent  which 
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unierH  t.lio  Atlantic  aroimd  I'ape  Huiu.  anil  chiuigeii  into  wun 
Hgaiu  as  it  cutters  tiie  Otilf  of  (Iiiiiiea.  Il  wad  uwisg  U)  tlui 
great  sotithern  flow  frum  ihe  comi  regiotui  ihut  CHptftin  Sam 
wat)  enabled  to  penetrate  tio  much  fitt-tlter  HutitJi  than  OapMin 
Wilkes  on  hia  voyage  to  the  Antarutin.  The  North  Paoific. 
except  in  the  narrow  ptuiRoge  between  Asia  and  Auerica,  is  oIcMrd 
to  the  escape  of  these  warm  waters  into  the  Arctic  Ooeaii.  ^» 
only  outlet  for  them  ia  to  the  south.  They  go  down  towaHa  tbc 
antiirctic  regions  to  dispense  their  heat  and  get  cool ;  ttad  th» 
pold  of  the  Antarotio,  therefore,  it  may  be  inferred,  ia  not  n 
bitter  as  is  the  extreme  cold  of  tlie  Frozen  (^cean  of  the  north, 

749.  Ditto  from  Ike  Indian  Ocean.  -The  warm  flow  to  the  scmlb 
IVom  the  middle  of  the  Indian  Ocean  is  remarkable.  M«el«n 
who  return  their  abstract  logs  to  me  mention  sea-weed,  which  I 
suppose  to  be  brought  down  by  this  current,  as  far  as  ■45''  sontlL 
There,  it  in  generally,  but  not  ulwaya.  about  h  degrees  wanner 
than  the  ocean  along  the  eame  parallel  on  either  side. 

750.  A  toide  current. — But  the  most  unexpected  discovery  of  si) 
is  that  of  the  warm  flow  along  the  west  coast  of  South  Afirica,  it« 
junction  with  the  Lagulhax  ourrent.  oalled,  higher  up,  thu  Moanni' 
biqne,  and  then  their  starting  off  an  one  stream  to  the  suuthmnd. 
The  prevalent  opinion  used  to  be  that  the  Lagulhas  cturenl, 
which  has  ita  genesifi  in  the  Red  Sea  (§  390),  doubled  the  C.Ktm 
of  Good  Hope,  and  then  joined  the  great  equatorial  cnrrent  of  thi: 
Atlantic  to  feed  the  Gulf  Stream.  But  my  excellent  friend. 
Lieutenant  Marin  Jansen,  of  the  Dutch  Navy,  suggested  thkt 
this  was  probably  not  the  case.  Thin  induced  a  a])ei.'ial  investi- 
gatioD,  and  I  found  as  he  suggested,  and  as  is  repreaenfod  on 
I'laie  IX.  Captain  N.  B.  Grant,  in  the  admirably  well-kept 
nbstraot  lug  of  his  voyage  fiora  New  York  to  Aumnilia.  found 
ihia  current  remarkably  developed.  He  was  astoniabed  at  tfab 
leuiperature  of  its  waters,  and  did  not  know  how  to  aooonat  ibr 
such  a  body  of  waiiu  water  in  »^uch  a  place.  Being  in  longitade 
14"'  eaet,  and  latitude  39^  south,  he  thus  writefi  in  his  abHtraot 
log ;  "  That  there  is  a  current  setting  to  the  eastward  across  thu 
S<iuth  Atlantic  and  Indian  Ucesnx  is,  1  believe,  admitted  by  all 
navigators.  The  prevailing  westerly  wiiiils  seem  to  offer  n  suffi- 
cient reason  for  the  existence  of  awh  a  current,  and  the  nlmoat 
coDstaut  south-west  swell  would  natuially  give  il  a  northarlv 
diiection.     But  why  the  water  should  bo  trarmer  hero  (:)8°4^ 

ithj  than  beiweeik  t)ie  paruUels  of  115°  and  37°  south,  is  k  |^H 
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blem  that,  in  my  mind,  lulmits  not  of  so  eaey  solution,  eGpeciolij' 
if  my  suspicions  aro  true  in  regard  to  the  northerly  set,  I  sluilL 
look  wil^  much  iiiturest  fur  a  description  of  the  'cnrreslu'  in 
thi^  purt  of  the  oceun."  In  latitude  38°  noiith,  longitude  G°  otust, 
be  f'liiud  the  wuter  at  56".  Uis  course  thence  -was  a  little  to  the 
south  of  east,  to  the  meridian  of  41°  east,  at  its  intersection  willi 
the  parallel  of  42"  south.  Here  his  water  thermometer  stood  at 
50^  but  between  these  two  places  it  raiigod  at  130°  and  upward, 
being  as  high  on  the  parallel  of  3if  as  73°.  Here,  therefore, 
was  a  stream — a  mighty  "river  in  the  octain  " — one  thousand  six 
huiidred  miles  across  from  eaat  to  west,  having  water  in  tht- 
middle  of  it  23'  Jiigher  than  at  the  sides.  This  is  truly  a  Gulf 
Stream  contrast.  VVhat  aa  immense  eecape  of  heat  trom  thi- 
Indian  Ocean,  and  what  an  infltix  of  warm  wuter  into  the  fronen 
regions  of  the  south  1  This  stream  is  not  always  as  broad  nor 
MS  warm  us  (^uptain  Grant  found  ii.  At  its  mean  stage  it  conforms 
more  nearly  to  the  limits  auiigned  it  in  the  diagram  (Plate  IX. ^. 

751.  Comuwtitma  in  the  tea, — Instjmces  of  commotions  in  the 
sua  at  uncertain  intervals  are  not  un&equeut.  There  are  some 
remarkable  disturbances  of  tbe  sort  which  1  have  not  been  able 
wholly  to  account  for.  Kear  the  equator,  and  espcoiuUy  on  ihin 
sidt;  uf  it  in  the  Atlantic,  mention  is  made,  in  the  ''  abstract  1(^" 
by  almost  every  observer  that  passes  that  way,  of  "tide-rips," 
which  aro  a  commotion  in  the  water  not  unlike  that  produced  by 
a  conflict  of  tides  or  of  other  powerful  currents.  These  "  tide- 
ripM  "  aometimes  move  along  with  a  roaring  noise,  like  rifls  over 
rocks  in  rivers,  and  the  inexperienced  navigator  always  expects 
to  tiud  his  vessel  drifted  by  them  a  lung  way  out  of  her  course ; 
but  when  he  oomes  to  oast  up  liis  reckoning  the  next  day  at  noon. 
he  remarks  with  surprise  that  no  curreut  has  been  felt. 

Ib'I.  IltttuiMildl't  detcription  o/lide^pM. — Tide-rips  present  their 
must  imposing  aspect  in  the  equatorial  regions.  Humboldt  nit-t 
some  in  '64'^  N.,  and  thus  describes  them:  "  Uhcn  the  sea  is  per- 
fectly calm,  there  appear  on  its  surface  narrow  belts,  like  small 
rivulets,  and  in  which  the  water  mns  with  a  noise  very  perctip- 
tible  to  the  our  of  an  experienced  pilot.  On  the  15th  of  June,  bi 
about  34°  3(i'  N.,  we  found  ourselves  in  the  midst  of  a  grtmt 
number  of  these  belts  of  currents;  we  were  able  tu  detenninu 
their  direction  by  the  compass.  Some  were  flowing  to  tJie  N.li, ; 
others  E,N.E.,  although  the  general  motion  uf  the  ocean,  indi- 
cated by  a  comparison  of  the  log  and  the  longitude  by  cbrono- 
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meter,  ramtimied  towards  the  S.K."  It  is  very  oonimoD  loaw* 
tawss  of  motionleBS  water  crossed  by  ridge«  of  water  which  nu  is 
different  diiections.  Thin  phenomentf  may  be  observed  trvrt 
day  on  tbe  BurfitLti  of  our  lakes ;  but  it  ib  more  nire  to  find  [»r- 
TitU  uiuvoments  inipreBseJ  by  local  causes  uii  biuull  porlioni  li 
water  in  the  midnt  of  an  oceanic  river  occupying  aii  iuimenw 
upaee.  and  moviiii<  in  a  conBtant  direction,  itltliough  with  u 
iQconsidLTablo  VL-locity.  In  this  conflict  of  curreatu,  as  iu  l^ 
uHcillatien  of  waves,  niir  imagination  ie  slxuck  with  the«e  mOTe> 
mente,  which  at^em  to  penetrate  each  other,  aud  by  whioh  the 
ocean  is  incessantly  agitated. 

753.  fforrfiurjft'a.— Horsburgh,  in  his  East  India  Direauaj, 
thus  remarks  on  them,  when  speaking  of  the  north-east  monMna 
iihont  Java :  "  In  the  etitrance  of  the  Malacca  Straiiit,  jxvar  the 
Nicobar  and  Achecn  Iblande,  nnd  between  them  and  Junksey- 
lon,  there  are  often  very  strong  rippliiigs,  particularly  in  lb 
south-west  inonsoun  ;  these  arc  alarming  to  personB  nnacquttiDted, 
for  the  broken  water  makes  a  great  noise  when  the  ship  is  ]iaiat- 
ing  through  the  rippliuga  in  the  night.  In  most  pUoes  rippling 
are  thought  to  be  produced  by  strong  currente,  but  hfre  tJiej  aru 
frequently  seen  when  there  is  no  perceptible  current.  Although 
there  is  no  perceptible  current  experionoed  so  as  to  produce  ui 
error  in  the  course  and  distance  sailed,  yet  the  surface  of  the 
water  is  impelled  forward  by  some  undiscovered  cause.  Hm 
ripplings  are  seen  in  calm  weather  approaching  from  a  distaiioc^ 
aud  in  the  night  their  noise  is  heard  a  considerable  tima  befoiv 
they  come  near.  Thoy  beat  against  the  sides  of  a  ship  with 
great  violence,  and  puss  on,  the  spray  sometimes  coming  on  deck ; 
and  a  small  boat  could  not  always  resist  the  turbulence  of  these 
remarkable  lipplings," 

754.  Tiiie^jM  in  the  Atianiic. — Captain  Higgins,  of  the  "  Maiia," 
when  bound  tram  New  York  to  Brazil,  thus  describes,  in  his 
abstract  log,  one  of  these  "  tide-rips,"  as  seen  by  him,  lOtll 
October,  1855,  in  N.  lat.  14",  W.long.  34^;  "At  3  p.m.  saw  a 
tide-rip  :  in  the  centre,  temp,  air  80",  water  81°.  From  the 
time  it  was  sec^n  to  windward,  about  thi'ee  to  five  miles,  until  it 
had  passed  to  leeward  out  of  sight,  it  was  not  five  miuntea.  I 
should  judge  it  travelled  at  not  less  than  sixty  miles  pur  hour,  or 
as  fast  as  the  bores  of  India.  Although  we  have  passed  tbroiigfa 
seiveral  during  the  night,  we  do  not  find  they  have  set  the  h'  ' 

the  westward  any ;  it  may  bo  that  they  aii 
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They 


luen™  0 
*i  li  against  ihe  ship"*  Bideu,  and  jwrcd  her  all  over. 
arci  folt  even  when  below,  and  will  wake  one  out  of  Bleep." 

75.^.  Mock  vigiat. — Captain  WHkeman,  of  the  "Adelaide,"  in 
January,  ISSfi.  lat  11°  21'  N.,  long.  ;13^  :W  W..  encountereil 
"  tide-rip«  "  which  brulK  and  foanied  with  such  violence  that  be 
took  them  for  breakers  or  a  shoul.  They  BumetimcH  a,tv  most 
alarming.  Approaching  through  theBtillnetv  of  the  night  witha 
ronriiig  noise,  and  in  thu  shnpe  of  tremendous  rollers  ci.'nibiug 
and  fouming,  they  seem  (o  ihreolen  to  overwhelm  Tessel  and 
orew  ;  but,  breaking  over  the  deck,  they  pas*  by,  and  ia  a  few 
momenta  the  sea  is  as  smooth  and  w  nnmffled  as  before  Many 
of  the  "  vigiafl  "  which  dififigure  our  eliarts  have  no  other  foundo- 
ti<in  than  the  foam  of  a  tide-rip.  Captain  Arquit'it  log  of  the 
■■  Comet"  gives  an  account  of  many  tide-rips  which  he  enconn- 
tered  also  in  the  north-en«t  trade-wind  region  of  the  Atlantic. 
Thus.  November  15,  1855,  lat.  T'  34'  N.,  long.  40"  30'  W. : 
"  Many  tide-rips,  which  we  had  a  good  opportunity  of  observing 
when  becalmed.  They  came  up  in  ridges  as  long  as  the  eye 
ouukl  reach,  Irom  all  partA  of  the  compass,  but  mostly  from  theE. 
J  examined  the  ridges  veiy  closely,  but  could  not  see  any  fine 
drift-matter  of  any  kind,  as  you  can  on  the  ridges  of  currents  in 
many  porta  of  the  ocean.  We  have  bud  no  ciirrenta  unless  they 
have  been  fnim  different  directions,  and  one  counteracting  the 
other.  November  Itilh,  lat.  6°  07'  N.:  Light  winds  and  ploa- 
Kant.  Tliero  has  been  no  time  since  noon  lo  midnight  but  there 
liave  been  tidti-rips  cither  in  sight  or  hearing,  mostly  tending 
N.E.  and  S.W,  in  long  narrow  ridges.  From  8  p.m.  to  9  p.m.  the 
ocean  appeared  like  a  boiling  caldron,  which  we  sailed  through 
fur  three  miles,  The  bubbling  made  a  loud  noise,  which  we 
heard  for  a  long  time  after  uo  had  sailed  through  it.  The  ship 
had  a  very  «ingii]ar  motion,  like  striking  her  koel  on  a  eol't 
muddy  bottom  in  a  short  rough  sea-way — ^tbo  same  as  I  bnva 
fell  in  the  harbour  of  Montevideo.  Tlie  motion  was  noticed  by 
all  on  Inard.  We  have  bad  a  current  of  fifteen  miles  going  wvst. 
I  havii  often  noticed  tide-rips  in  thin  part  of  the  ocean  before, 
particularly  when  bound  home  (for  I  have  never  been  where  I 
am  now,  bound  out,  before),  and  have  mentioned  them  in  my 
abstract  log,  but  they  wore  different  from  what  we  bad  laat  night. 
The  ship  would  come  to  und  fall  off  thrcu  points  without  any 
legard  to  the  niddor." 
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756.  Bores,  eafrer,  and  Ihe  earlhqtiake  teare  of  lAAfm. — Bnl,  !*■     I 
sides  tide-ripB,  bores,  nud    e^rea,"   tliere  are  the  tnidden  dw- 
ruplious  in  the  ice  which  arctic  voyageni  tell  of,  tbe  immeiw 
icebergs  which    oocasioaally  appear  in  groups    near    cen»m 

*  The  borea  of  Inilia.  of  the  Bay  of  Fuadj,  and  tho  Aioazoii.  are  tho  mat 
releimitcd.  Tht^;  aru  a  tremulnus  tidal  wuve,  which  at  slutcd  pt'riudi  nwat 
rollitig  in  from  the  lea,  threatening  to  ovenrholm  and  ingulf  evuiyUiini;  ItM 
movBfl  aa  the  beuoli.  Tbis  vs.vu  a  deKribed,  egpnualli;  in  Uie  Buy  of  FBs^, 
OS  being  manj  feet  liigti ;  aJii!  it  ia  wiid  ofleultrocB  to  overtake  ilver.  awiiw^  mI 
otiier  wild  beusla  that  feed  or  lick  oa  the  bcuah,  and  to  iwoUdw  Uiem  up  biAn 
the  swiRest  of  foot  ttmoDg  them  have  time  to  escape.  Tbe  swine,  lu  theyfrad 
cm  muBaels  at  low  water,  are  loid  to  snuff  the  "  bore,"  either  by  sound  or  mwO, 
nod  wmotimes  to  dash  off  to  Uie  clifFa  at  great  speed  before  it  roll*  oq. 

The  esgre  ia  the  bore  of  Tdlen-Toiig  liivcr.  It  is  thas  described  bjCt, 
MocgowBu,  in  a  paper  befoni  the  Boyal  Aelatiu  Society,  12  Jaauory,  1868,  wJL 
UB  scon  by  him  fhini  tho  city  of  Hjkng-cliow.  in  1848 : — 

"  At  the  upper  part  of  the  buy,  and  about  Iha  mouth  of  the  river,  the  n^ 
i*  acnrcely  ohscrmbte ;  bat,  owing  to  the  very  gradual  deacant  of  tbe  ibRn 
and  Ihu  rapidity  of  the  great  flood  and  ebb,  tbe  tidal  pbonomena  ktvu  ban 
preBHDt  a  rumarbable  appiaranee.  VosselH,  which  a  few  momenta  befora  lKf» 
atloat,  am  suddenly  lett  high  and  dry  ou  u  atmnd  nearly  two  miles  ia  width 
whirl)  the  returning  wave  oa  quickly  floods.  It  Is  not  until  the  tide  niobev  be 
yond  the  mouth  of  tbe  river  that  il  becomes  elevated  la  a  lorty  wave  taoA- 
luting  the  eagre,  whkh  attains  Its  greatest  niagnituile  opposite  tbe  cilyof  Haof 
chow.  Oenorally  tlicre  is  notliing  in  ita  aspect,  except  on  tiio  tAirrl  dnj  of  lh( 
Mttoncl  mouth,  and  on  the  tighleenih  of  tlie  eighth,  or  at  the  spring-tide  kboill 
the  period  of  tlie  vernal  and  aatumnal  equinaies,  its  great  iuluiu'ty  bein^  at 
the  hktter  season.  Bometimes,  however,  during  the  prevalence  of  cululij 
winds,  on  tlio  fliird  day  after  the  tan  and  moon  are  in  conjunctiun,  or  in  ofipA- 
iltion,  the  (lagre  uounies  up  the  river  with  liordly  teas  majesty  than  wboD  pa^ 
Ing  its  ordinary  pecioiiioal  viiiit.  On  one  of  these  nnuBoal  oocatioQa.  whan  I 
was  tcavelliag  in  unlive  costume,  I  had  an  opportunity  of  witncssiiig  it,  «a 
t>e(:cmber  Uth,  1848,  at  about  2  r.u. 

"  Between  the  river  and  the  city  walls,  which  are  a  mile  distant,  deiM> 
soburbs  sitend  several  miles  along  the  banks.  As  tbe  hour  of  flood-tide  qi> 
proocLed,  crowds  giithered  in  Ihe  streets  running  at  right  ooglcl  with  Ih* 
Tiien-Tang.  but  tit  safe  distances.  My  poulian  was  a  terrace  in  front  of  tbe 
'Tw-Wavb  Temple,  which  afiurded  a  good  view  of  tlic  entire  socue.  On  ft 
sodden,  all  buDic  in  the  tluxuigcd  mart  was  sospeoded.  porters  cleared  the  titaA 
street  of  every  dt-ecription  of  merchandize,  boatmen  ceased  lading  and  nnladitig 
Ihoit  veBicU,  and  put  out  in  the  middJe  of  the  stream,  so  that  a  few  ntomarfd 
sniGilnd  to  give  a  deserted  appearance  to  the  busiest  part  of  one  nf  the  bnidM 
oitiea  of  Asia.  Tho  contra  of  the  river  teemeol  with  cralt,  from  small  boala  to 
hage  bnrgiB,  indutling  the  gay  '  Bower-hnats.'  Loud  shouting  from  the  flest 
announced  the  appearance  of  the  flood,  which  soemod  like  a  plitttrbg  whlw 
cable,  atrolched  athwart  the  river  at  its  mouth,  as  ftr  down  aa  tho  eye 
mwh.  Its  noise,  compared  by  Chincso  poets  to  tliat  of  thunder, 
drowned  that  of  tho  boatiaen  ;  and  as  it  aiimnced  with  prodigious  vel 
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liilituJea,  the  variuble  cliaiscier  of  ail  the  currents  of  tlie  sear— 
now  fast,  now  slow  (§  iOl),  now  running  tliis  wuy,  then  that — 
all  of  whiuh  may  be  taken  as  bo  many  signs  of  the  tremendoiui 
throes  which  occur  in  the  bosom  of  the  ocean.  Sometimefl  the 
sea  recedea  from  the  shore,  em  if  to  gather  strength  for  a  great 
ru£h  against  its  barriers,  as  it  did  when  it  fled  back  to  join  with 
the  earthquake  and  overwhelm  Callao  in  1746.  and  again  Lisbon 
nine  yoara  afterward. 


tlut  rnto,  1  ahonld  judge,  ol  tweaty-flvo  miles  an  hour — it  uauincd  (be  appeat- 
tiacu  of  on  alabueter  irall.  or,  rathor,  of  a  mtonct  four  or  five  miloi  aiaoa,  bad 
about  tliirtr  (eet  high,  moving  bodily  onward.  Soon  it  reaclied  tha  ftdvaoood 
tpiardnfthe  immeiue  fuaemblugu  at  Teasels  nwai ting  its  approach.  Knowing 
Uiat  Ihv  bure  of  the  Uooghlj,  which  scarcely  di>Br?rves  meuttun  in  connection 
with  L!iB  one  before  me,  inTsrisbly  overturned  bants  which  were  not  ddlfuU)' 
muiaged,  I  could  not  but  feel  apprphcniiiTe  lor  (he  livea  of  the  floating  mnlEi- 
tude.  Aa  the  foaming  «aU  of  water  diubcd  io^tuDualy  onnard,  thny  went 
tdlpnoed,  nil  being  intcnady  ocoapied  in  keeping  Ibeir  pwwa  Cowania  the  wbvh 
wbii:h  thieatnned  lo  mbmoige  eTerfttiiDg  aSnat ;  but  they  nil  vaultt'^l  nn  it 
were  to  tLo  summit  with  perfoot  tefetj.  Tho  epccbcle  whs  nf  gn«t  intonist 
wbun  tbo  eagre  hnd  ptuwd  about  one  half  way  among  the  cinfL.  On  one  ade 
rtiej  wure  quietly  repoeing  on  the  surTaoe  at  the  unruffled  Btreain,  while  tbow 
on  the  netlwi  portion  were  pitehing  itnd  hiAving  in  tumnltnous  oooAisiou  on 
Ihe  flood ;  othun  wvrc  scaling  with  the  agility  of  oUioou  the  lurmidable  cHicadi-. 
rhis  gisnd  and  ciciting  soenc>  was  bat  of  u  moment's  duniticni ;  it  passed  up 
tlie  rixer  in  ou  inatniit.  but  ftom  lliis  point  with  gradually  dimiaiBliiiig  force 
atie,  and  velodly,  until  jt  eeamd  to  be  perceptible,  which  Chineao  accounts  re- 
present t4>  be  eighty  mileti  dislnnt  from  Ihe  city.  Fnim  ebb  to  flood  tide  Uie 
change  was  almoat  iiutantnueous  :  a  slight  Baod  continued  after  the  paasiige  of 
tliu  ware,  hut  it  soon  began  to  ebb.  Having  hwt  toy  memoniuda,  I  am  obliged 
lo  write  trom  recoltection.  My  impresaiuu  is  that  the  fall  was  about  twtmty 
feet;  the  Chinese  my  tLalthe  rise  and  fall  is  sometimes  lorly  fe«t  at  Hang-cliow. 
Themnniuum  rise  and  fallal  spring- tides  is  prohably  at  tbe  month  of  the  river, 
or  upper  purl  of  the  bay,  where  the  esgre  is  hardly  disooveniible.  In  the  Bay  of 
Fundy,  where  the  tides  ruah  in  with  aniuzhig  velocity,  there  is  at  odb  place  a 
rise  of  seventy  feet;  but  tliure  the  niagnilicent  pbenonienon in  question  does 
nut  appiac  lo  be  known  at  all.  It  is  not,  therefore,  where  tides  attain  their 
grestust  rapidity,  or  miudmnm  rise  and  fall,  that  this  wnvo  is  met  with,  but 
where  a  ritor  and  its  estuHiy  botli  presant  a  peouUai  conflguration. 

" Drydens deflnition of  an  eagre,  appooded  in  a  note  to  the  verse  above 
quoted  liwiu  tho  Thraiodia  Att^daiit,  is.  "a  tide  swelling  above  another  tide.' 
wliichhe  says  he  bad  hinueU  obeerred  in  tbe  Bivei  Trent.  Such,  oceorilinglo 
Chinese  oml  occotrnta,  is  the  character  of  (be  Tsicn-lVng  tides — a  w*t«  of  von- 
sidemble  height  rushes  suddenly  in  tram  the  bay,  which  is  soon  followed  by  one 
much  larger.  Other  acmunts  reitresenl  three  sut-cessive  waves  riding  in 
the  nsme  of  tho  temple  mentioned,  that  of  the  Three  Waves.  Both  hi 
on  thu  UoDghly  I  observed  but  one  wave  ;  mj  attention,  however,  Was  i 
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temperature  over  a  few  thousand  squiire  miles  of  Kiirfiice,  tecdi 
to  diHturb  its  equilibrium,  mid  couseqneutly  to  cause  au  aqDMm 
palpilatiun  that  is  felt  from  the  equator  to  the  p^iles.  Lat  n 
illustrate  by  an  example:  The  Kurface  of  the  Atlantic  Oobib 
coveni  an  area  of  about  tweuty-five  millions  of  square  mile*. 
Now  let  us  take  one  fifth  of  this  area,  aud  eiippoKe  a  full  iit  im 
one  inch  deep  to  take  plaice  nvpr  it.  This  min  would  weigh 
three  hundred  and  sixty  thousand  millions  of  tons  ;  and  the  suit 
which,  as  water,  it  held  in  soltition  in  the  sea.  and  which,  when 
that  water  was  takou  up  as  vapour,  was  left  behind  to  diBtvrli 
equilibrium,  weighed  Kixt^en  inillions  more  of  tons,  or  uemxif 
twice  as  much  as  all  the  ships  in  the  world  conld  carry  at  t 
cargo  each.  Thia  rain  might  full  in  an  hour,  or  it  might  fiill  is 
a  day ;  but,  to  occupy  what  time  it  might  in  falling,  it  is  calcu- 
lated to  exert  so  ranch  force — which  is  inconceivably  great — in 
disturbing  the  equilibrium  of  the  ocean.  If  all  the 
discharged  by  the  MiNsiKsippi  Rivei'  during  the  year  were  taken 
up  iu  one  mighty  measure  and  cast  into  the  ocean  at  otio  elTbrti 
it  would  not  make  a  gifater  disturbance  in  the  equilibriam  of 
the  sea,  than  would  the  supposed  rain-fall.  Now  this  is  for  but 
one  fifth  of  the  Atlantic,  and  the  area  of  the  Atlantic  ia  about 
one  fifth  of  the  sea  area  of  the  world  ;  and  the  estimated  fall  of 
rain  was  but  one  inch,  whereas  the  average  for  the  j-ear  b 
{S  767)  sixty  inches ;  but  we  will  aifKumo  it  for  the  sea  to  bo  no 
more  than  thirty  inches.  In  the  aggregate,  and  on  an  aveni^, 
then,  such  a  disturbance  in  the  equilibrium  of  the  wbolo  oceaa 
ae  is  here  supposed  occui's  soven  hundred  and  fifty  times  a  yoKt, 


tipularljr  direoli.'d  to  tliis  fejiturB  of  tbo  eapre.  TIio  teitn  ahouW,  perhaps  tw 
more  oompreltengive.  and  oxprne  ■  this  iuBtiuitHaeimg  riie  and  advance  of  n  tidll 
WBVO  :'  tha  Indian  ItarbntlAn  '  bgre  '  ahoidd  be  diacnnteil  nltogellwr. 

"  A  very  shnrt  period  elapsed  bctwern  the  piueago  of  tlie  exgre  and  Uw  j^ 
gumptinn  of  trelHc.  Ttio  rcueli  wtre  hud  ■ttochii!  lo  the  Hlinm  Hgiiia ;  wanwn 
and  nbildren  were  iwcnpied  in  gsthering  artjctea  wliioli  tlve  rnnHraa  ur  uiMlrilftd 
luut  lost  in  the  aquntio  iii£l^,  The  Hlrmta  were  drenched  with  epiajr,  ^tjt  * 
I'fliuidOTHble  TolnniD  of  wiiter  eplnahed  over  tlio  bnuks  Into  Lhe  head  of  tlw 
Kl»ud  CBoal,  a  fuw  feet  distant"— Fills  Trawtactloiu  0/  Chineie  Jlnmalt  t^  tllt> 
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r  ftt  tte  TOl.e  of  onoe  in  twelve  Imiire.  Moreover,  whon  it 
I  recoUeoled  that  these  rains  tiike  place  now  beie.  now  there ; 

lat  the  vajKiur  of  which  Ihey  were  formed  was  lakon  up  at  titill 
r  plntMiM,  we  ehall  be  the  better  enabled  to  afiprociate  t]ie 

roe  and  cffout  of  these  irregular  muvementA  in  the  sea. 
.  738.  DiUo  of  duud  and  auTi«/iiM.— Between  the  hottest  hour 
i  the  day  and  tli«  Qoldesl  hour  of  the  night  there  is  frequently 
K  uhiingu  of  four  degrees  in  the  temperature  of  the  sea.*  Let  us, 
therefore,  tho  more  thoroughly  to  ajipreciato  those  agitations 
of  the  sea  which  take  place  in  couaequence  uf  the  diurnal  ehangps 
'  a  temperature,  call  in  the  Hunshine,  the  cloud  without  rain, 
irith  day  and  night,  and  tbeir  healing  and  radiating  proocsBCK. 
&nd  to  make  the  case  as  atvong  as,  with  truth  to  natuie,  we  may, 
Bt  Uj  again  select  one  Hfth  of  the  Atlantic  Ocean  for  the  scene 
if  operation.  'ITie  day  OTor  it  ia  clear,  and  the  sun  pours  down  i 
lie  rays  with  their  greatest  intensity,  and  raises  the  temperature 
^  the  water  two  degrees.  At  night  the  clouds  interpose,  and 
IH'evcDt  radiation  from  this  fifth,  whereas  the  remaining  four 
'Iths,  which  are  supposed  to  have  been  screened  by  clouds,  so  as 

L)  cut  off  the  heat  of  the  suu  during  the  day,  are  now  looking 
pp  to  ihe  stars  in  a  cloudlesa  sky,  and  serve  to  lower  the  t«mpe- 
Ature  of  the  surface  walera,  by  radiation,  two  degrees.  Here, 
flien,  is  a  difference  of  four  degrees,  which  we  will  tmppose 
tends  only  ten  feet  below  the  surface.  The  total  and  absolute 
pWige  mode  in  such  a  mass  of  sea  water  by  altering  its  tempo- 
jatnre  two  degrees  ia  equivalent  to  a  change  in  its  volume  of  I 
Harce  hundred  and  ninety  thousand  millions  of  cubic  feet.  And 
)r«t  there  be  philosophers  who  maintain  (§  1^3)  that  evaporation  , 
tod  precipitation,  changes  of  temperature  and  saltness,  and  the 
lecrotions  of  insects,  are  not  to  be  reckoned  among  the  euiretit- 
producing  agents  of  the  sea.     That  the  gentle  trade-winds  do  it 

7J9.  Day  and  ni'jlu. — Do  not  the  clouds,  night  and  day,  now    ' 
present  themselves  to  us  in  a  new  light?     I'hey  are  cogs,  and 
pinions,  and  wheels  in  that  grand  and  exquisite  machinety  which 
p>verus  the  sea,  and  which,  amid  all  the  janitig  of  the  elements, 
unserves  the  harmonicB  of  the  ocean. 

^  700.  Log»  overhauled  for  kelp  and  iVs.— The  log-books  of  not 
bass  than  1S43  vessels  cruising  on  ibo  polar  side  of  .15°  S.  have. 
by  the  officers  of  the  (Jbservalory,  boon  overhauled  for  kelp  and  I 
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ice.  Of  these,  367  (or  ore  in  five)  mentioned  kelp  or  Bea-w«al 
east  of  Cape  Horn  ;  143  mention  "  rock-weed  and  diift  inalltM'" 
between  tlie  previous  meridian  and  10"  \V.,  and  chiefly  between 
as"  and  40°  S.  "  Long  kelp  "  is  also  fonnd  by  Australian  txaden 
after  passing  the  Cape  of  Good  Hope  ;  146  loge  make  meiitiontif 
it  between  the  meridians  of  40"  and  120°  E.  It  moll  alKiniidB 
along  Ihit  line,  however,  between  the  meridiana  of  45°  and  C5° 
E.,  and  the  parallels  of  42°  and  48°  IS.  These  sargassos  are 
Bketched  with  a  free  band  on  Tlate  IX. 

761.  A  tarijoMO  in  llie  SoiUh  Pnci^c— Sea-weed  ia  frequentlj 
mentioned  also  by  the  homeward-bound  Australian  tradent  oo 
their  way  to  Cape  Ilom :  this  collection  has  (S  130)  already  been 
alluded  lo.  It  now  appears  that  instead  of  three,  aa  stated  in 
former  editions  of  this  work,  there  are  really  five  true  sargassos, 
as  shown  on  Plate  IX. 

762.  SeOrWeed  aboui  the  Falkland  Inland*. — The  weedy  epaoe, 
marked  as  such,  about  the  Falkland  Islands,  is  probably  not  a 
true  sai^sso.  The  sea-weed  reported  there  probably  Pome* 
from  the  Straits  of  Magellan,  where  immense  masses  of  it  grow. 
These  stiuits  are  so  encumbered  with  seaweed  that  stcamera 
find  great  difficulty  in  making  their  way  through  it.  It  so 
encumbers  their  paddles  as*to  make  frequent  stoppages  necessary. 

763.  The  Afncrin  gar/iagiio. — The  sargnsso  to  the  west  of  llie 
Cape  of  Good  Hope,  though  small,  is  perhtips  the  best  dofinud 
of  Iheni  all.  Mention  is  generally  made  of  it  in  the  kigs  RS 
■'  rock-weed  "  and  "  drift  matter."  Now  when  it  is  recollected 
that,  weeds  ha^ve  boen  found  as  frequently,  nearly  (§  760),  in  fluB 
tnnall  space  as  they  have  been  in  the  large  space  between  the 
Cape  and  Australia,  the  reader  will  be  able  to  form  a  more 
correct  idea  as  to  the  relative  abundance  of  weed  in  these  e«aa  o( 

764.  Icdiergt. — By  going    far  enough    south,  icebergs  mj 
■    be  found  on  any  meridian ;  but  in  searching  for  them,  we  csn 

only  look  where  commerce  carries  our  colleagues  of  the  aea. 
Out  of  the  1 643  tracks  tiaced  on  the  polar  side  of  35"  S.,  only 
109  make  mention  of  ice.  Few  of  these  went,  except  in  doubling 
Cape  Horn,  beyond  the  paiullel  of  "lo"  S.,  therefore  we  faaTA 
not  been  able  to  track  the  ice  back  into  the  "'  chambers  of  the 
fi'ost."  We  can  only  say  that  north  of  50^  antarctic  icebergs 
most  abound  between  the  meridians  of  15°  W.  and  55°  E. 

765.  The  largest  drift  farthest.— Ab  a  rule,  the  bergs  whioh' 


•h^^ 


the  liiriioBt  last  longest,  and  approach  nearest  to  the  equator. 
Here,  Ihen,  is  the  great  line  of  aniavctic  drift;  by  Btudying  it 
we  may  pejhiips  aatoh  a  glimmer  of  light  from  Bouth  polar  shores. 
3'heae  icehergF,  ho  it  remembered,  have  drifted  north  through  a 
belt  of  westerly  winds.  Their  course,  therefore,  was  probably 
pot  dne  north,  but  to  the  east  of  that  rhomb. 

|.  76fi.  The  line  of  anlarelie  dn^i.-Tracing  this  line  of  diift, 
then,  backward  in  a  south-weBterly  direction,  it  ehoiild  guide  ns 
to  that  part  of  t)ie  aouthem  contineut  where  the  icebergs  have 
their  principal  nursery.  Tbie  would  take  <ib  to  the  sources  of 
the  Humboldt  current,  and  eeera  to  indiealo  that  these  glaciers 
are  launched  in  ita  waters :  but,  an  their  motion  is  slow,  the 
winds  bear  the  bet^  to  the  east,  while  the  general  drift  sets  theiu 
to  the  north. 

767.  Neeemilg  for,  and  adtrantaget  of  an  aniaretie  expedition. — 

ived  at  this  point,  fiords,  deep  hays,  and  capacious  gu]& 

up  before    the   irnaginaticoi,   reminding    ub  to    ask    the 

qnefition,  Is  there  not  embosomed  in  the  antarctic  continent  a 

Mediterranean,  the  shores  of  which  are  favourable  to  the  growth 

and  the  lannohing  of  icebergs  of  tremendous  »iie  ?  and  is  not 

tlio  entrance  to  this  sea  near  the  meridian  of  Cape  Iloni,  perhaps 

the  west  of  it?     Circumstances  like  these  begot  longings,  and 

sigh  for  fresh  antarctic   explorations.      Surely,   when  we 

lider  the  advantages  which  the  improvements  of  the  age,  Ike 

;hts  of  the  day,  would  afford  an  exploring  expedition  there 

when  we  reflect  upon  the  drawbacks  and  difScnltiee  with 

lich  former  expeditions  thither  had  to  contend ;  when  we  call 

mind  the  facilities  with  which  one  might  bo  conducted  now: 

ily.  I  ^v,  when  we  thus  reflect,  no  one  can  donbt  as  to 

le  value  and  importance  of  the  discoveries  which  a  properly 

[nipped  expedition  would  now  be  eore  to  make. 

708.  Commercial    eontideraUimt. — In  those   regions  there  are 

ibtlciss  olements  of  commercial  wealth  in  the  number  of  seals 

abundance  of  whales,  if  in  nothing  else.     It  seems  to  be  a 

'sical  law  that  cold-water  fish  are  more  edible  than  those  of 

water.     Bearing  this  fact  in  mind  as  we  stndy  Plate  IX., 

see  at  a  glance  the  ptaees  which  are  most  favoured  with  good 

■markets.     Both  shores  of  North  America,  the  east  coant  of 

JDB,  with   the  west   coasts  of  Eon>pe  and  Sonth  America,  are 

washed  by  cold  waters,  aud  therefore  we  may  infer  that  their 

Abound  with  the  most  excellent  fish.     The  fisheries  of 
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Newfouniilami  and  !»bw  England,  over  wliich  nationB  ba^e 
wraugled  fur  centurieK,  are  in  ihe  cold  water  from  Davis'  Stnit, 
The  fisheries  of  Japan  and  Eastern  China,  which  aluoat,  if  not 
quite,  rival  these,  are  eitualed  aleo  in  the  cold  water.  Neither 
India,  nor  the  east  coasts  of  Africa  and  South  America,  ivhBM  I 
the  warm  waters  are,  are  celebrated  for  thoir  fiflh. 

769.  Value  of  the  fiBheriei.—Thr^e  Ibouaand  American  vessels,  it    i 
is  said,  are  engaged  in  the  flfiherieH,   Tf  to  these  we  add  the  Out«h, 
French,  and  English,  we  shall  hare  a  grand  totul,   perhaps,   of 
not  loss  than  six  or  eight  thousand,  of  all  sizes  and  flags,  engaged    , 
in  this  ono  pursuit.     Of  all  the  industrial  pursuits  of  the  een,    , 
howover,  the  whale  fishery  is  the  most  valuable,     \^'here^fore, 
in  treating  of  the  ]>h_')'Hical  geography  of  the  sea,  a  map  fbr    ' 
the  wholes,  it  waa  thought,  would  be  useful :  it  has  so  proved    ' 

itHBlf.  I 

770.  Sp«rm  whala. — The  Bperin  whale  is  a  warm-water   fish. 
The  right  whale  delights  in  eold  water.     An  immense  niunlmr  of    | 
li^'tmoks  of  whalers  have  been  discussed  at  the  National  Obm-    I 
vatory  with  the  view  of  detecting  the  parts  of  the  ocean  is    | 
which  the  whales  are  to  be  found  at  tht^  different  seasons  of 
the  year.     Charts  ahowing  the  reaulta  have  been   published; 
they  form  a  part  of  the  series  of  Maury's  Wind  and  Cumnt 
Charts. 

771.  A  lea  of  pre  to  Ikem.— In  the  conreo  of  these  inveati- 
gations.  the  discovery  was  made  that  the  torrid  znuc  is.  to  the 
right  whale,  as  a  sea  of  fire,  through  which  he  canuul  pa«G ;  that 
the  right  whale  of  the  nortbern  hemisphere  and  that  of  ihn 
Houthem  are  two  different  animals;  and  that  the  sperm  whak 
has  never  been  known  to  double  the  Cape  of  Good  Hope — ha 
doubles  Cape  Horn. 

772.  Bight  tr/io/pg.  —  With  these  remarks,  and  the  cxplanatioii 
given  on  Plate  IX.,  the  parts  of  the  ocean  to  which  ibe  right 
whale  most  resorts,  nnd  the  parts  in  which  tic  sperm  are  £ 
luay  be  seen  at  a  glance.  The  sargassos,  or  places  of  wee 
also  represented  uu  this  plate. 


CHAl'TER  XIX. 
§  781-808.— sroKas,  uumaciSES,  ash  Tri-Hooss, 
781.  Plate  V.— Piute  V.  is  oonstructed  I'rojo  dala  ftimialied 
hy  the  I'ilot  ChU'Is,  as  fitr  aa  they  go,  thai  aro  iu  pTOceao  of 
cimstruutiutt  at  tlie  National  Observatory,  If'or  ihe  Pilot  Chart*, 
llie  whult)  wwui  is  divided  off  into  "  fields  "  or  dintriots  of  five 
ili^grevti  sqaai'e,  i.  e.  five  degrees  of  latitude  by  live  degrees  of 
I'Jii^lade,  as  alr«ady  ittated  in  the  "  Eki'Lasatiom  of  thk  Plates." 
Ni'W,  in  getimg  out  from  the  li.>g-books  niateiiulti  for  tihuwiug,  in 
'.■wvy  district  of  tlie  ocean,  and  for  eyeiy  munth,  how  navigatore 
hnva  found  the  winds  to  blow,  it  ban  been  aa&uiued  that,  in  wbat- 
-i-er  pari  of  oue  of  ihese  district«  a  navigntor  may  he  when  he 
lotuidw  the  direction  of  the  win^  in  hia  log,  from  that  direatiun 
the  Tvind  was  blowing  at  that  time  all  over  that  diiitrict;  and 
this  in  the  only  SASiimption  ihat  is  permitted  in  the  whole  course 
of  the  invi-Htigatioii.  Now  if  the  navigator  will  draw,  or  imagine 
to  be  drawn  in  any  audi  dietrict,  twelve  I'ortical  coliiimis  liir 
tlie  twelve  monthti,  and  tb&n  sixteen  horizontal  lines  throngh  the 
f-ame  fur  the  sixteen  points  of  the  oompaBB,  i.  e,  for  N,,  N.N.E., 
N.K.,  E.N.E.,  and  bo  on.  omitting  the  Ay-points,  he  will  have 
before  bim  a  piclnre  of  the  "  btveatigating  ihari"  oui.  of  wliieb 
ibe  "  Pilot  Charts  "  are  constructed.  In  tliis  cohg  tJio  alternate 
points  of  the  compass  only  are  used,  becauHe,  when  twiliug  free. 
the  direction  of  the  wind  in  seldum  given  for  such  piiiuiaasN. 
bg  E.,  \\.  by  8.,  elc.  Moreover,  any  attempt,  for  the  praeal,  at 
git'Uier  nicety  would  be  over-refinement,  for  navigntors  do  not 
always  tnalce  allowaiioe  for  the  aberration  of  the  wind;  in 
other  words,  they  do  not  allow  for  the  appurvnt  change  in  tbn 
dijvction  of  the  wind  caused  by  the  rate  at  whith  the  vessel  m»y 
be  moving  through  the  water,  and  the  angle  whiL-b  her  courte 
makes  with  the  tnie  diieciion  of  the  wind,  lluaiiug  this  esplu- 
nation  in  mind,  the  intelligent  navigator  will  huve  no  diffiuulry 
in  untlenitanding  the  wind  diagram  (Plate  \'.)  and  in  furming  a 
curiect  opinion  as  to  the  decree  of  credit  due  to  the  fidelity  with 
■which  the  prevailing  winds  of  the  year  are  reprcBented  on 
"III.  As  the  compiler  wades  through  log'book  after  Ing- 
Xik,  and  scores  down  in  column  after  column,  and  upon  line 
1-  line,  mark  upoa  mitrk,  he  al  loat  finds  that,  under  the 
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montii  and  from  (he  course  upon  which  he  is  about  to  tn&ke  ■ 
fiitiy,  he  has  ulrendy  made  four  marks  or  HCcres,  iIjub  Q Hf^ 


Theo 


i  that  ho  has  now  to   enter  will   ninko  the   fifth,  uid  1m   ' 


"  scores  and  tallies,"  and  so  on  until  all  the  abstracts  relating  to 
that  part  of  the  ocean  upon  which  he  is  at  work,  have  been  gone 
over,  and  liia  tuateriala  exhausted,  These  "fivex  and  tiUIieB*' 
are  exhibited  on  Plate  V.  Now,  with  thiK  explanation,  it  will 
be  seen  that  in  the  district  marked  A  (Plate  V.)  there  bave  been 
examined  the  logs  of  veewelw  that,  giving  the  direction  of  the 
wind  for  every  eight  hou™,  huve  altogether  fipent  days  enough 
Xa  enable  me  to  record  the  calms  and  the  provailing  direction  fA 
the  winds  for  eight  hours,  2144  times :  of  these,  285  were  fur  the 
month  of  September;  and  of  these  285  observations  for  Septem- 
ber, the  wind  is  reported  as  prevailing  for  as  much  as  ei^t 
hours  at  a  time:  from  N,  3  times;  from  N.N.E.,  1  ;  N.E.,  2; 
E.N.E.,  1;  E.,  0;  E.S.E.,  1;  S.E.,  4;  8.S.E.,  2;S.,  2d; 
S.S.\V..  45;  S.W.,  93;  W.S.W.,  24;  W.,  47;  W.N.W..  17; 
N.W.,  15;  N.N.W.,  1  ;  Calms  (the  little  O's),  5;  total  285  for 
the  month  in  this  district.  The  number  expressed  in  Bguns 
denote  the  whole  number  of  observations  of  calms  and  winda 
together  that  are  recorded  for  each  month  and  district.  In  C, 
the  wind  in  May  «ef«  one  third  of  the  time  from  west.  But  in 
A,  which  is  between  the  same  parallels,  the  favourite  quarter  fiw 
the  same  month  is  from  S.  to  S.W,.  the  wind  setting  one  third 
of  the  time  ^m  that  quarter,  and  only  10  out  of  221  times 
from  the  west ;  or,  on  the  average,  it  blows  from  the  west  only 
\\  day  during  the  month  of  May.  In  B,  notice  the  givftt  *'aan 
swing"  of  the  windu  in  September,  indicating  that  the  cbaage 
from  summer  to  winter,  in  that  region,  is  sudden  and  violmt; 
fri>m  winter  to  summer,  gentle  and  gradual.  In  some  distxicta  of 
the  ocean,  more  thiin  a  thousand  observations  have  been  di** 
cussed  for  a  single  month,  whereas,  with  regard  to  others,  not  a 
single  recoi-d  is  to  be  found  in  any  of  the  numerous  log-booka  at 
the  National  ObBorvatory, 

782.  ^E^jfpAoDiM.— The  China  seas  are  celebrated  for  tlitir 
furious  gates  of  wind,  known  among  seamen  as  typhouuB  and 
white  squalls.  The  seas  are  included  od  the  plate  (VUL)  u 
within  the  region  of  the  monsoons  of  the  Indian  Oceau.  But  the 
monsoons  of  the  China  Sea  are  not  five  mouth  moneooiis  (§  6SI); 
they  do  not  prevail  from  the  west  of  south  more  tlion  two  off 
three  months,     I'lali-  V.  exhibits  the  monsoons  ver>'  clearly  in  a 
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part,  of  this  sea.  In  the  Bquare  between  ly  and  20°  north,  110' 
iiiid  1 15°  east,  there  appears  lo  hu  a  system  of  three  nionsoons ; 
ih.'it  is,  onu  from  tlie  corth-enst  in  October,  Kuvember,  Decern- 
but.  iind  Jauuht;;  one  from  euKt  iti  Hurch  and  April,  changing 
in  M>ij' ;  and  nncither  from  the  southward  in  June,  July,  uod 
August,  changing  in  Septeinlior,  The  great  distuiber  vt  the 
aimospheric  eiiuilibriutn  appears  to  be  Biiunted  among  the  plains 
and  Hteppes  i:if  Asia :  their  influence  reaches  np  to  the  clouds, 
and  extends  lu  the  China  Seas ;  it  u  about  the  changing  of  ihe 
iiionsoona  that  these  awful  gales,  called  tj'phoons  and  while 
Bi^UiiUs,  are  moKt  dreaded. 

T63.  I7(e  Mauriliiit  hurriecoiet, — In  like  manner,  the  Mtturitins 
huiricunes,  or  the  iiyclones  of  the  Indian  Ocean,  occur  during 
the  nusetlled  state  of  the  atmoBpherie  cquiiibrium  which  takes 
place  at  that  debatable  period  during  the  contest  between  the 
trade-wind  force  and  the  monsoon  force  (S  69EI),  and  which 
debatable  period  occurs  at  the  changing  of  Ihe  monsoon,  and 
before  either  force  has  oompletelj  gained  or  lost  the  ascendency. 
At  this  period  of  the  year,  the  winds,  breolcing  loose  fixim  Iheir 
controlling  forces,  seem  to  rage  with  a  fury  that  would  break  np 
the  very  fountains  of  the  deep. 

784.  The  Wetl  India  hurricartea.-Sv.  Uio.  with  the  ^Veat  India 
hurricanes  of  the  Atlantic':  these  winds  are  most  apt  to  occur 
during  the  months  of  Augnat  and  September.  Ttiere  is,  there- 
fore, this  remarkable  difftrence  between  the-f  fjules  and  those 
of  the  East  Indies :  the  latter  occur  about  the  changing  of 
the  monsoons,  the  former  during  their  height.  In  August  and 
September,  the  south-west  monsoons  of  Africa  and  tlie  south- 
east monsoons  of  the  Went  Indies  are  at  their  height;  the  agents 
of  one  drawing  the  north-east  trade-winds  from  the  .Atlantic  inio 
the  interior  of  Now  M(\xico  and  Texas,  the  agents  of  the  olher 
drawing  them  into  the  interior  of  Africa,  llioae  two  forces, 
pulling  in  opposite  directions,  aasixt  now  and  then  to  disturb  thu 
atmospheric  equilibrium  to  such  an  estent  that  the  moot  powci'ful 
re^Tilsions  in  the  air  are  required  to  restore  it.  "  The  huiricano 
season  in  the  North  Atlantic  Ocean,"  says  Janaeu,  "  occurs 
simultaneously  with  the  Afi'ican  monsoons;  and  in  the  same 
seanon  of  the  year  in  which  the  monsoons  prevail  in  the  North 
Indian  Ocoan  and  the  China  Sea,  and  upon  the  Western  coast  of 
( 'entral  America,  all  the  seas  of  the  noithorn  hemisphore  have 
the  hurnotme  season.     On  the  oontrary,  the  South  luduw  Ocsan 


has  its  bamcHiie  season  in  the  oppoHtle  Beoson  cif  tbe  joax,  t 
whcu   the  north-west  uoDBoon    preTaila  in    the   £a«t    Indlaa 
Archipelago."  I 

785.  27ie  cyclvne  theory. —VnAcrr  tho  head  of  hurricanes,  typhoooa 
ftnd  toniudoBs,  I  include  all  tiiose  gales  of  wind  which  U* 
known  as  cyclones.  ThcM  hitve  been  treated  of  by  BedfioU 
in  Americii,  Heid  in  England,  Thorn  of  ManriiiiiH.  and  Fiddinffl 
ton  of  Calcutia,  witb  marked  ability,  and  in  tipecial  yvorka.  I 
I'cfer  the  reader  to  tbem.  llie  theory  of  this  school  is,  Ihtt 
those  are  rotaiy  storma ;  that  tbey  revolve  againel  the  hatidi 
of  a  watch  in  the  northern,  and  mth  tbe  hands  of  u  walch  in  1)m| 
soiitbem  hemisphere  ;  that  ncai'er  tbc  ceutie  or  vortex  the  moii 
violent  tlie  etorm.  while  the  cetitre  itself  is  a  calm,  wljich  tiBTell 
ujmetimes  a  mile  or  two  an  buur,  aud  Bometimes  forty  or  tSty^ 
that  in  the  centre  the  barometer  is  low,  rising  ae  you  apprtwdh 
the  periphery  of  the  whirl;  that  the  diameter  of  tbene  stonni 
is  sometimes  a  thousand  miles,  and  sometimeH  not  mon  tbu 
a  few  leaguett ;  that  they  havo  theii-  urigin  soiaewbere  betwees 
the  parallels  of  1''°  and  20°  north  and  south,  travc-lling  to  Hoi 
westward  in  either  hemisphere,  but  ioereBsitig  tbeii*  '^■t*lilHii 
from  the  equator,  until  they  reach  the  pnrallel  of  25'  or  SOfl 
when  ihey  turn  towards  (be  east,  or  "  recui-vate,"  but  caattnj 
to  increase  their  distance  from  the  equulor — i'.  e.,  they  Hm 
travel  wchtwardly,  inclining  towards  the  nearest  pole ;  UmJ 
ihen  recurve  and  travel  eastwardly,  still  inclining  towards  t 
polo  {  and  that  sneh  is  their  path  in  bi>tb  betnispberea,  eto. 

TS6.  Puitling  qaettions. — The  questions  why  these  i^tflTlns  sfaoalj 
recurve,  and  why  tliey  should  travel  as  thej'  do.  and  v 
should  tuiii  milh  the  bands  of  a  watch  in  tlie  southern,  and  e 
thi,*in  in  the  nortbem  homisjihere,  are  still  eonsidered  by  i 
as  puzzles,  though  it  is  thought  tbal  their  conrse  to  fl 
in  (he  Irade-wind  region,  and  to  tbe  eastward  in  t 
tru'lcs,  is  caused  by  the  general  movement  of  the  atmosphera 
like  the  whirls  in  an  angry  fiood,  which,  tlioiigh  they  revolved 
yet  tbey  aiv  borne  down  stream  witb  the  currents  as  thay  dq 
revolve.  The  motion  polarward  is  caused,  the  conjecture  is,  b| 
the  fact  that  tho  equatorial  edge  of  tbe  kIoiih  bna,  in  consoqueacJ 
of  diurnal  rolation,  a  greatur  velocity  than  its  polar  edge.  Thut 
seems,  however,  to  be  less  difficulty  witb  i-egard  lo  tbcir  tamiBfl 
than  witb  regard  to  their  course  ;  the  former  is  now  regnrded  si 
tbe  resultant  of  diurnal  I'otatiun  and  of  tliose  forces  of  ti-ansUtio* 
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which  propel  the  winds  along  the  siuface  of  our  planet.  TLie 
composition  of  the  foicea  of  the  revolving  stoiin,  and  the  resolution 
of  them,  are  precieely  such  (S  215)  as  to  produce  oppoaita  rotation 
on  opposite  Midee  of  the  equator. 

787.  Efpy'i  theory. — Many  of  the  phenomena  connecled  with 
these  storms  Btill  remain  to  fce  explained ;  even  the  facts  with 
regard  to  Ihem  are  disputed  by  some.  The  late  Professor  Eepy, 
after  having  dificuased  for  many  years  numerous  observations 
that  have  been  made  chiefly  on  shore,  maintained  that  the  wind 
does  not  blow  aniunrf  the  vortax  or  place  of  low  barometer,  but 
directly  touHiTdt  it.  He  held  that  the  place  of  low  barometer, 
instead  of  beiug  a  diso,  is  generally  an  oblong,  in  the  shape  of  n 
long  trough,  between  two  atmospherical  waves ;  that  it  is  curved 
with  its  convex  side  towards  the  cawt ;  that  it  is  Gometimes  nearly 
straight,  and  generally  of  great  length  from  north  to  south, 
reaching  in  America,  from  the  Gulf  of  Mexico  to  the  great  lakes 
and  beyond,  and  having  but  little  breadth  in  proportion  to  Its 
length  ;  that  it  travels  east,  moving  t^ide  foremost,  requiring 
about  two  days  to  go  Erom  the  Mississippi  to  St.  John'i^,  Nbw- 
fonndla:id  -,  that  on  eitber  dde  of  it.  but  many  miles  distant, 
liiere  is  a  ridge  of  high  barometer  ;  that  the  wind  on  either  aide 
of  the  line  of  low  barometer,  in  which  there  is  little  or  no  wind. 
blows  toward  it.  etc.,  and,  in  support  of  these  positions,  he 
advanced  this  theory  :  "  When  the  air  in  any  looali^  acquires  a 
higher  temperature  or  a  higher  dew-point  than  that  of  die  eur- 
rounding  r^ons,  it  is  specificaUy  lighter,  and  will  aseend  :  in 
ascending,  it  comes  under  less  pressure,  and  expands ;  in  ex- 
panding from  diminished  pressure,  it  grows  colder  about  a  degree 
and  a  quarter  for  every  hundred  yards  of  ascent ;  in  cooling  as 
low  as  the  dew-point  (which  it  will  do  when  it  rises  as  many  hun- 
dred yardu  as  the  dew-point  at  the  time  is  below  the  temperatnre 
of  the  air  in  degrees  of  Fahrenheit),  it  will  begin  to  condense  its 
vapour  into  cloud  :  in  condensing  its  vapour  into  water  or  oloud, 
it  will  evolve  its  latent  caloric  ;  this  evolution  of  latont  calorii^ 
will  prevent  the  air  from  cooling  so  fast  in  its  farther  ascent  as  it 
did  in  ascending  below  the  base  of  the  cloud  now  forming  ;  the 
'iirrent  of  the  air,  however,  will  continue  to  ascend,  and  grow 
colder  about  half  as  mnoh  as  it  would  do  if  it  had  do  vapour  in  it 
to  condense :  and  when  it  has  risen  high  enough  to  have  oon< 
densed,  by  the  cold  of  expansion  from  diminished  pressure,  onn 
hundredth  of  its  weight  of  vapour,  it  will  be  about  forty-eight 
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clegrees  lees  cold  than  it  would  have  be«n  if  it  had  no  y 
coudeiise  nor  latent  caloric  lo  give  out — ihat  is,  it  Trill 
forty-eight  Jegroea  wanner  iban  the  Buri^unding  air  at 
height;  itwill,tbetefore(without  making  any  allowance  for  tfe 
higher  dew-point  of  the  ascending  current),  be  about  one  leulh 
lighter  than  the  Burrounding  colder  air,  and,  of  course,  it  will 
continue  to  ascend  to  the  tup  of  the  atmosphere,  spreading  out  in 
all  directions  above  as  it  ascends,  overlapping  tho  air  in  all  the 
surrounding  regions  in  the  vicinity  of  the  stona,  and  ihus,  by 
increasing  iho  weight  of  the  air  around,  cause  the  barometer  tu 
rise  on  the  outside  of  the  storm,  and  fall  slill  more  under  the 
storm-cloud  by  the  ontspreading  of  air  above,  thus  leaving  let* 
ponderable  matter  near  the  centre  of  the  upmoving  column  to 
press  on  the  barometer  below.  The  barometer  thns  standing 
below  the  mean  under  cloud  in  the  centi-al  n^ons,  and  above 
the  mean  on  the  outside  of  the  cloud,  the  air  will  blow  on  all 
hides  from  without,  inward,  under  the  cloud.  The  air, on  coming 
under  (he  cloud,  being  subjected  to  less  pressure,  will  ascend 
and  carry  up  the  vapour  it  contains  with  it,  and  as  it  ascends 
will  become  colder  by  expansion  from  constantly  diminisfaing 
pressure,  and  will  begin  tn  condense  its  vapour  in  cloud  at  tbt 
height  indicated  before,  and  thus  the  process  of  doud-forming 
will  go  on.  Now  it  is  known  that  the  upper  current  of  air  in 
the  I'nited  States  moves  constantly,  from  a  known  cause,  towudt 
the  eastward,  probably  a  little  to  the  south  of  east ;  and  as  the 
upmoving  column  containing  tho  cloud  is  chiefly  in  this  tipper 
current  of  air,  it  follows  that  the  storm  cloud  must  move  in  the 
same  direction.  And  over  whatever  region  the  storm-cloud 
appears,  to  thai  region  will  the  wind  blow  below ;  thus  the  wind 
must  set  in  wilh  a  storm  from  some  eastera  diicctiou,  and,  as  the 
storm-cloud  passes  on  towards  the  eaatward.  the  wind  mosl 
change  to  some  western  direction,  and  blow  from  Ihat  quartet 
till  the  end  of  tho  stonn."* 

ig  to  Dove's  "  T,ftw  of  Eotation." 
in  the  northern  hciniBphere,  and  i» 
suthem  also,  the  wind  being  Ji.W . 
r  by  W.  to  S,\V.,  and  so  on,  agaud 
iiplained  thus:   Buppotn 


788.  Cot'iT*  fciw.— AcM 
which  is  said  to  hold  go 
supposed  lo  obtain  in  tl 
and  veering,  it  ought  to 
iho  hands  of  a  watch.  Ttjis  "  ia^ 
a  ship  bo  in  S.  lat.  off  Cape  Hor 

■  TLo  Foortli  Mftconjlogicttl  Eeport 
Ca.  34  th  CongreBS,  Snl  le^on. 


,  with  a  low  barometer 
'  Prof.  Jainn  P.  Eapj ;  Benate  JMfi, 
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10  the  north  of  her,  as  at  C,  whore  the  air  ascends  as  fimt  as  it 
uoine«  poitriiig  in  from  all  Bides.  The  ship,  let  it  bo  supposed,  i^ 
jnst  on  the  vei^e  of,  but  erterior  to  the  vortex,  or  that  place 
where  tb«  wind  corumenoeB  to  revolve.  The  firat  rush  of  the  air 
at  a  will  he  direotly  for  the  centre  C ;  ooneeqaently,  a  ship  so 


(laced  would  report  the  Htorm  as  commencing  with  the  wind  at 
Boutti.  For  the  sake  of  lUustTation,  wo  will  suppose  this  place  of 
low  haroraoter  to  be  stationarj-,  and  the  air,  ae  it  rushes  in,  to 
ascend  at  the  diw  C.  Thus  llio  area  of  inrushing  air  will 
gradually  enlarge  iti^lf  by  broad  tipreading,  like  a  circle  on  the 
water,  until  it  be  compasBod  by  a  circle  with  a  radius  C  8,  of 
indefinil*  length.  The  air  then,  on  the  meridian  8  C  N.  but  to 
the  soQth  of  a,  will  not  blow  along  this  meridian  aud  pass  over 
the  ship ;  in  consequence  of  the  dinmal  rotation  of  the  earth,  it 
will  take  a  direction,  S  a',  to  the  westward  ;  and  the  arrow  rf  a, 
representing  a  8.S.E.  wind,  will  now  show  the  direction  of  the 
wind  at  n.  Thns  the  ship  will  report  that  the  wind  commenced 
at  south,  and  gradually  hauled  to  S.S.E..  i.e.  against  the  hands  of 
a  watch ;  and  so  the  arrowa  h'  a'  will  represent  the  direction  ol' 
the  wind  at  each  station,  a'  a'  d,  when  the  storm  commenced, 
and  the  arrows  d'  a'  the  directions  afterwards,  thus  showing  it  to 
have  veered  agaivtl  the  hands  of  a  watcL  And  this  is  the 
direction  in    which  the  forces  of  diurnal   rotation,  when  not 


HETEOnOLOGT. 

mastered  by  opposing  forces,  always  require  the  wini!,  when  l 
blowing  ronod  in  spirals  and  a  whirl,  to  haul  in  the  south) 
hemisphere.  Now.  paradoxical  as  it  may  at  flrtit  seem,  it  is  a 
the  forces  of  diurnal  rotation  that  give  that  same  wind,  whea 
ia  blowing  ronod  in  spirals,  its  first  impulse  to  inarch  round 
the  contrary  direction,  or  (§  78())  leilh  the  hundg  of  a  uaUih  ;  ] 
this  b  as  it  ahould  be — it  haaU  one  way,  and  marchet  the  olh 
After  pasEiDg  a,  and  eauh  of  the  other -statioos,  a'  a',  the  msli 
wind  is  atifficient,  let  us  suppose,  to  create  a  whirl.  The  wi 
at  a'  ci  a\  continning  gn  with  a  circalar  motion,  is  repreeenl 
thenceforward  in  its  course  by  the  curved  arrows  a  e,  a^  ef.  t 
wind  coming  from  tho  east  and  the  west  has  no  direct  impu 
from  diurnal  rotation,  but  the  wind  on  either  side  of  it  has,  I 
hence  the  prime  cerh'caJ  wind  is  carried  around  with  Ifae  rest. 
now,  we  imagine  the  disc  C  to  be  put  in  motion,  and  the  gtq 
lo  become  a  trayelling  one,  we  shall  have  to  consider  the  oa 
position  and  resolution  of  other  forces  also,  such  as  thoav 
traotiun,  abernttiou,  and  the  like,  befi^re  wu  can  reectlTe  j 
whirlwind. 

789.  BernoitiUrg  fommla.—'But  the  cyclonologiats  do  not  lod 
their  storms  in  such  high  latitudes  as  the  parallels  of  Cape  Ho 
Honce  we  might  sEifely  infer,  one  would  suppose,  that  in  hj 
southern  latitudes  a  north  wind  has  a  tendency  to  incline  to  ] 
westward  and  a  south  wind  to  the  eastward  ;  and  the  canal 
this  tendency  is  in  operation,  whether  the  place  of  low  bEtromf 
be  a  disc  or  an  oblong,  for  it  is  in  ubedienco  to  the  trade-i*j 
law,  as  expounded  by  Halley,  that  it  so  operates;  and  it  1 
also  be  the  caue  whether  the  wind  be  caused  by  an  influx  i 
the  place  of  low,  or  the  efflux  from  the  place  of  )iigh  barontef 
or,  as  is  generally  the  case,  by  both  together.  ]f  the  disU 
between  the  place  of  high  and  low  barometer  were  alwuyBJ 
same,  then  a  given  difference  of  barometric  pressure  wd 
always  bo  followed  by  a  wind  of  the  same  force  of  velocity,  j 
expanding  Bemouiili'H  formula  for  the  velocitj-  of  gas  jets  on 
given  pressures.  Sir  John  F.  W.  Herschel  has  computed*! 
Tolooity  and  the  force  with  which  currents  of  air  or  winda  wg 
issue  under  certain  differences  of  barometric  pressure.  Ufl 
the  moat  favourable  conditions,  t.  e.,  when  tho  places  of  high-j 
of  low  barometer  are  in  immediate  juxtaposition,  as  on  tba  id 
and  outside  of  an  air-pump,  an  eScctive  diSorence  of  OjOQS  | 

*  Soe  urtirlc  Mutonnilngy,  EncTvliijiicttiu  Brttumiea,  IHTid^^H 


in  the  borometrio  presBore  woidd  create  a  breeze  with  a  velocity 
iif  seven  miles  the  huur.  Such  a  wind  is  oapablu  of  exerting  a 
liorizontal  pressure  ef  0.2  lb.  the  nquare  foot,  thus : 


DIff  biBumrrl. 

VaoaifolViinA. 

„.„«,p,-... 

SUBlgUlofWlDd. 

O.OWiDd) 
0.010    . 
0.016    . 

o.oa    _ 

O.H      . 
0.25      _ 

0.41      . 

7  miles  per  hour. 
U     , 
21      . 
41      . 
61      . 
82      . 
92      . 

1.9     - 

7,5    „ 
ie.7   . 
30.7    . 
37.9    . 

QKQtlB  air. 
Light  breeze. 
Goodniliiigbrean 
Agulc. 

Greut  storm. 
Tempest. 

(..Ihanges,  however,  in  the  barometer,  amounting  to  five  or  nix 
times  these  differences,  are  observed  to  take  place  at  sea  without 
producing  winds  exceeding  in  ■velocity  the  rates  above.  This  is 
because  the  places  of  high  and  low  barometer  at  sea  are  far  apart, 
and  because,  also,  of  the  obstructions  of  the  winds  afforded  by 
the  inequalities  of  the  earth's  surface. 

790.  Predieling  ttorm*. — But,  in  this  view  of  the  subject,  the 
importance  of  a  daily  system  of  weaiher  reports  by  telegraph  on 
shore,  and  across  the  water  between  Europe  and  America  when 
the  sub-Atlantic  cable  is  well  laid,  looms  up  and  assumes  all  the 
proportions  of  one  of  the  great  practical  questions  of  the  age. 
We  may  conjecture,  as  the  probable  result  of  observation,  that 
the  greater  the  distance  between  the  place  of  high  and  low 
barometer,  the  less  the  velocity  of  wind  for  a  given  barometric 
difierence  would  be.  Professor  fiuya  Ballot  has  discovered, 
practically,  the  numerical  relation  between  the  force  of  the  wind 
and  given  barometric  differences  for  certain  placM  in  Holland. 
With  the  view  of  ascertaining  like  relations  for  this  country,  it 
bos  been  propotied  to  establish  a  cordon  of  meteorological  statioiui 
over  the  Dnited  Sttttes,  each  station  being  required  to  report 
daily  to  the  Obnen-atoty  in  Waahington,  by  telegraph,  the  height 
of  the  barometer,  force  of  wind,  ele.  By  such  a  plan,  properly 
organized,  we  might  expect  soon  to  be  able  to  give  the  ^ps, 
not  only  on  the  great  lakes,  but  in  our  eea-port  towns  also, 
timely  warning  of  many  a  gale,  and  to  send  by  telegraph  to 
Europe — when  one  shall  bo  paid — warning  of  many  a  one  long 
before  it  could  traverae  the  Atlantic.  The  contributions  which 
the  magnetic  telegraph  is  capable  of  making  for  the  advancement 
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of  meteorology  will  enable  us  lo  warn  tho  shipa  in  our  Oalf 
porta,  aa  well  as  those  of  Cuba,  of  the  approach  of  eyery  burricaae 
or  tornado  that  visits  those  regions. 

791.  7%e  changing  of  the  wind  in  act/done. — Bnt,  returning  to  t&B 
cyulono  theory  ;  though  the  wind  be  blowing  around  in  spirab 
against  the  bands  of  tho  watch,  yet,  from  the  fact  that  the  centre 
about  which  it  is  blowing  is  also  travelling  &long,  tho  changea  of 
the  wind,  as  observed  by  a  Tessel  over  which  the  etonn  is 
paesing.  will  not,  under  all  circumstances,  be  aijaintt  the  sua  in 
the  norlhem,  or  toith  the  sun  in  the  southern  hemisphere.  The 
reason  is  obTiouB.  Thie  point  is  worth  studying,  and  any  one 
who  will  resort  to   "moving  diagram*"  for  illustration  will  be 

repaid  with  edification.  Piddington's 
horn  cards  are  the  best ;  but  let  those 
who  have  them  not  ciit  a  disc  of  paper 
of  any  convenient  diameter,  say  2\ 
inches,  and  then  cut  out  a  circle  of  3 
inches  from  the  middle  ;  this  will  leavaA 
.      ,  /  /  /     '^"S  '^''"'  ^^  '^'^^  broad  upon  wliidi  to 

^^^^i^^-^._^_,y^/  draw  arrows  representing  the  conrae  of 
the  wind.  Suppose  them  to  be  dnira 
for  the  northern  hemisphere,  as  in  tfte 
annexed  diagram ;  lay  the  paper  ring  on  the  chart :  suppose  fhB 
ehip  to  ho  in  tho  N.E,  quadrant  of  the  utorm,  which  is  travelling 
north,  the  centre  of  the  storm  will  paes  to  the  west,  but  the  wind 
will  change  fi'om  S.E.  to  S.,  and  so  on  to  the  west,  leith  tie  haadt 
of  a  watch,  though  it  he  revolving  about  the  centre  againtt  tit 
hands  of  a  tmilth ;  still  the  rule  for  finding  the  direction  of  the 
ctutre  holds  good  :  Face  the  wind,  and  the  centre  in  the  northem 
hemisphere  will  be  to  the  right;  in  the  southern,  to  the  left, 

792.  7^e  wiW  stronger  on  one  tide  than  the  other. — Snppose  tlut 
in  the  case  before  us  tho  storm  is  traveliing  to  the  north  at  ths 
rate  of  20  miles  the  hour,  and  that  the  wind  is  revolving  aronnd 
the  centre  also  at  the  rate  of  20  miJes  the  honr :  when  the  vortex 
bears  west  of  the  ship,  the  wind  will  be  south.  It  is  goinf;  20 
miles  to  the  north  with  the  body  of  the  storm,  and  20  miles 
around  the  centre  ;  total  force  of  the  wind,  40  miles  an  honr  OB 
the  eatl  side.  Now  imagine  yourself  on  the  other  side,  that  IB. 
that  you  are  in  the  north-west  quadrant,  and  that  the  stona  if 
travelling  due  north  as  before  ;  the  vortex  will  pass  east  otyva, 
when  the  wind  should  have  changed  from  N.E.  to  north,  turning 
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agamat  the  bands  of  a  watch;  but  whea  the  wind  is  north,  it  ia, 
in  tho  case  supposed,  travelling  south  at  the  rate  of  20  miloB  an 
buur  aruuud  tht:  atonn,  whilii  the  progressive  movement  of  the 
storm  iUelf  id  norti  at  tie  rat«  of  20  miles  an  hour.  One  motion 
exactly  canoela  the  other,  and  there  is,  therefoi*e,  a  line  of  calm 
and  tight,  ur  moderate  or  Dot  bo  heavy  winds  on  one  side  of  the 
centre,  while  on  the  other  Hide  there  is  a  line  of  maximum 
violence ;  in  other  words,  in  every  travelling  cyclone  the  wind 
blows  harder  on  one  side  than  the  other.  This  in  the  case  in 
both  hem.ispheres ;  and  fay  handling  these  moving  diagrams  for 
iliuslj^tion,  the  navigator  will  soon  become  familiar  with  the 
various  problems  for  determining  tfteorelically  the  direction  of 
the  vortex,  the  course  it  is  ttavelling,  its  distance,  etc.  There- 
fore, when  it  is  optional  with  the  navigator  to  poas  the  storm  on 
either  side,  he  should  avoid  the  heavy  aide.  These  remarks 
»pply  to  both  hemiapheres. 

71)3.  The  miay  quadrant  of  a  cydone.  Captain  Toynbee  asks  if 
it  rains  more  in  one  quarter  of  a  cyclone  than  another  ?  In 
cyclones  that  travel  last,  I  suppose  there  would  be  most  rain  in 
the  afier  quarter ;  with  those  that  have  little  or  no  progressive 
motion,  I  conjecture  that  the  rainy  quarter,  if  there  be  one, 
would  depend  upon  the  quarter  whence  that  wind  comes  that 
brings  must  rain.  The  rain  in  a  cj'clone  ia  supposed  to  come 
from  tho  moisture  of  that  air  which  has  blown  its  round  and 
gone  up  in  the  vortax ;  then  it  expands,  grows  cool,  and  con- 
denses its  vaplur,  which  spreads  out  ut  top  like  a  great  mushroom 
in  the  air,  the  liberated  heat  adding  fury  to  the  storm. 

794.  Emmeoat  theories. — Suoh,  brieSy  stated,  are  the  two 
theories.  They  appear  to  me,  from  such  observation  and  study 
as  I  have  been  able  to  bestow,  to  be  neither  of  them  wholly 
right  or  altogether  wrong.  Both  are  instructive,  and  the  sug- 
gestions of  one  will,  in  many  instances,  throw  light  upon  the 
facts  of  the  other.  That  rotary  storms  do  frequently  occur  at 
SOB  we  know,  for  vessels  have  sometimes,  while  scudding  before 
the  wind  in  them,  sailed  round  aiul  round.  The  United  States 
brig  "  I'erry  "  did  Ibis  a  few  years  ago  in  thu  West  Indies ;  and 
so  did  the  '*  Cliarles  Ileddle  "  in  the  Gaiit  Indies  :  she  went  round 
and  round  a  cyclone  five  6mes. 

795.  The  urind  in  a  true  rycion«  blows  in  sptraU. — From  suoh  ob- 
Bervations  as  1  have  been  able  to  obtain  upon  the  subject,  1  eni 
nduced  to  believe,  with  ThuiD,  thai  the  wind  in  a  cyclone  does 


not  blow  round  id  a  circle,  but  around  in  spirala.  Nixf,  I  g) 
farther,  and  conjecture,  that  it  is  unly  within  it  oertain  diatauce 
of  the  vortex  that  the  wind  gyiatt-B,  and  that  thegjTating  oolnins 
is  never  huadredi  of  valet  va  diameter,  as  the  advocates  of  tiiit 
theory  make  it :  I  shall  allude  to  this  again.  The  low  barometet 
at  the  centre  is  owing,  in  pait,  to  two  caiiBes;  one  is  the  oon- 
deneatiou  of  vapour,  with  ita  liheratfid  heat,  as  maintained  ^ 
Eepy ;  the  other  is  the  action  of  a  real  centrifi^^  force,  wbici 
applies  to  all  revolving  bodies.  In  weighing  the  effect  of  thii 
centrifugal  force  upon  the  low  barometer,  care  ahonld  be  tafan 
not  to  give  it  an  undue  weight.  It  ie  not  Biifhcient  to  osuse  tht 
air  to  fly  off  in  a  tangent.  The  lateral  atmospheric  preseme 
would  prevent  that,  if  the  centrifugal  force  were  never  bo  great, 
and  the  lower  the  barometer  in  the  centre,  the  greater  would  b« 
the  pressure  of  the  sunwunding  air.  The  proper  weight,  llient- 
fore,  due  to  the  centrifugal  force  1  hold  to  be  not  very  gnat, 
though  it  is  appi-eciable  to  this  extent:  The  storm  having  com- 
menced revolving,  the  How  uf  air  into  the  vortex  is  reiordod,  not 
freoenied,  \ty  centrifugal  tendency  :  and  this  retardation  assiste 
in  causing  tbe  barometer  to  stand  lower  than  it  would  if  then 
were  no  revolution.  Any  one  who  baa  watched  tLe  little  whiri- 
winds  so  uflen  seen  during  summer  and  Ml.  or  who  can  call  to 
miud  the  whirls  or  "  sucks  "  in  a  mill  pond,  or  at  the  look  in  « 
canal  when  the  water  is  drawn  off  at  the  bottom,  may  appreciate 
the  eilont  to  wliioh  the  cadrifagal  tendency  will  help  to  make  • 
low  barometer  at  the  centre  of  a  cyclone. 

796.  An  Uluslralirm. — The  low  barometer,  the  revolving  storm, 
and  the  ascending  column  require  for  a  postulate  the  approach 
by  spirals  of  the  wind  from  circurafeience  to  centre.  TTie  wind 
(§  61)5)  blows  towards  the  place  of  low  barometer ;  that  ia  ad- 
mitted by  all.  It  can  only  reach  that  place  by  a  direct  or  by  a 
curvilinear  motion.  If  by  the  former,  then  there  can  be  no  revo- 
lution :  but  if  there  be  revolution,  then  the  air,  while  as  wind  it 
is  revolving  around  the  centre  in  tho  gyrations  of  the  storm,  ia 
approaching  the  centre  alHo.  Hence  we  derive  the  eicmenta  of  a 
spiral  cnrve ;  and  the  physical  neceiisity  fur  spiral  motion  is 
demonstrated  from  the  fact  that  there  is  oiroular  motion  and  aa 
uprising  in  the  centre.  This  spiral  movement  and  tho  uprising 
may  be  illustrated  by  familiar  examples :  The  angles  and  cornera 
of  the  Observatory,  and  its  wings,  are  so  arranged  that  at  • 
certain  place  there  is,  with  westerly  winds,  always  a  whirlw 
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Thia  whirlwind  ie  six  to  eight  feet  in  diameter :  and  when  there 
is  ttnow,  there  is  a  pile  of  it  in  the  centre,  with  a  naked  path,  in 
the  shape  of  a  ring,  three  or  four  feet  broad  about  it.  It  is  the 
spiral  molioa  "hich  brings  the  drift-anow  to  the  centre  or  vortex, 
and  the  upward  motion  not  being  strong  enough  to  carry  the  snow 
up,  it  is  left  behind,  forming  a  eort  of  cone,  which  serves  as  a 
oast  for  the  base  of  the  vortex.  If  you  throw  chips  or  trashy 
matter  into  the  lock  of  a  canal  and  watch  them,  you  will  see  that 
as  they  come  within  the  influence  of  the  "  suck  "  they  will  ap- 
proach the  whirl  by  a  spiral  until  they  reach  the  centre,  when, 
notwithstanding  they  may  be  lighter  than  the  water,  they  will  he 
"sucked  "  down.  Here  we  see  the  effects  of  cenirifngal  force 
upon  a  fluid  revolving  vrithin  iteeV.  The  "  suok  "  is  funnel- 
shaped.  As  it  goes  down,  the  lateral  pressure  of  the  water 
increases ;  it  counteract*  more  and  more  the  efl"ect  of  centrifugal 
force,  and  diminishes,  by  its  increase,  the  size  of  the  "  suck." 

79T.  i>uif  iehirl\Bindi  aitd  waUr-»pout». — So,  too,  with  the  little 
autumnal  whirlwinds  in  the  road  and  on  the  lawn :  the  dust, 
leaves,  and  trash  will  bo  swept  in  towards  the  centre  at  the  bottom, 
whirl  round  and  round,  go  up  in  the  middle,  and  be  scattered 
or  spread  out  at  the  top.  I  recollect  seeing  one  of  these  whirl- 
winds pass  across  the  Potomac,  raising  from  the  river  a  regular 
water-spjut.  and,  when  it  reached  the  land,  it  appeared  as  a 
common  whirlwind,  its  course  being  marked,  as  usual,  by  a 
whirling  column  of  leaves  and  dust.  These  little  whirlwinds 
are,  1  take  it,  the  great  storms  of  the  sea  in  miniature ,'  and  a 
proper  study  of  the  miniature  on  land  may  give  us  an  idea  of  the 
great  original  on  (ho  ocean. 

798.  A  txra  eaata. — The  unequally  heated  plain  is  thought  to 
be  the  cause  of  the  one.  But  there  are  no  unequally  heated  plains 
at  sea ;  nevertheless,  the  primum  mobile  there  is  said,  and  rightly 
said,  to  be  heat.  Electricity,  or  some  other  imponderable,  may 
be  concerned  in  the  birth  of  the  whirlwind  both  a^ihore  and  afloat. 
But  that  is  conjecture;  the  presence  of  heat  is  a  fact.  In  the 
middle  of  the  cyclone  there  is  generally  rain,  or  hail,  or  snow  ; 
and  the  amount  of  heat  set  free  during  the  process  of  condensing 
the  vapour  for  this  rain,  or  hail,  or  snow,  is  sufficient  to  raise 
from  the  freezing  to  the  boiling  point  more  than  five  times  the 
whole  amount  of  water  that  falls.  This  vast  amount  of  heat  is 
set  free,  not  at  the  surface  of  the  sea,  it  is  true,  but  in  the  cloud- 
region,  and  where  the  upward  tendency  of  the  indraught  is  still 
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farther  promoted.  Wliat  Bete  the  whirlwind  »-brewing  is  another 
question;  but  its  elements  being  put  in  motion,  thero  is  a  dimi- 
nished barometrio  pressure,  first,  on  account  of  cenlri/ugal  Im- 
dency ,-  next,  on  acconnt  of  tJio  ascending  column  of  air,  whioh 
expands  and  ascends, — ascends  and  expands  on  account  of  an^ 
diminiahod  pressure; — and  next,  though  not  least,  on  account  cf 
tho  heat  which  is  set  free  by  the  condensation  of  the  vapoiu' 
which  forme  the  clouds  and  makes  the  rain.  This  heat  expand* 
and  pushes  aside  the  upper  air  still  more- 

799.  Objection  (o  the  t}>eon/. — After  much  study,  I  find  eom* 
difficulties  about  the  cyclono  theory  that  I  cannot  overcome. 
They  are  of  this  sort :  I  cannot  conceive  it  possible  to  han 
a  cyclone  with  a  revolving  and  travelling  disc  IWO,  or  500 
miles  in  diameter,  as  the  expounders  of  the  theory  have  it 
Is  it  possible  for  a  disc  of  such  an  attenuated  fluid  aa  commoo 
air,  having  1000  miles  of  diameter  with  its  less  than  wafer-like 
thickness  in  comparison,  to  go  travellirig  over  the  earth's  aur&oe 
and  revolving  about  a  centre  with  tornado  violence?  With  ih» 
log-books  of  several  vessels  before  me  that  are  tajppoteti  to  hat* 
been  in  different  parts  of  the  same  cyclone  1  have  a  number 
of  times  attempted  to  project  its  path,  hut  I  always  failed  to 
bring  out  exactly  tueh  a  storm  as  the  theory  calls  for.*  1  make  a 
distinction  between  the  hauling  of  the  wind  in  consequence  ol 
diurnal  rotation  of  the  eartli,  and  the  rotation  of  tho  wind  in  the 
cyclone  in  consequence  of  its  centripetal  force.  For  the  aake  of 
illustratii^  my  difBculties  a  little  &rther,  let  ns  suppose  a  low 
barometer  with  a  revolving  storm  to  occur  at  A  in  the  southeni 
hemisphere.  Let  the  storm  be  travelling  towards  B.  Let  ob- 
servers be  at  c",  d,  and  e,  and  let  c"  and  d  ho  each  seveiml 
hundred  miles  from  A,  and  so  far  as  to  be  clearly  without  the 
reach  of  the  whirl.  Now,  then,  will  not  the  air  at  c"  and  d 
blow  north  and  east  as  directly  for  the  place  of  low  barometar  •■ 
it  would  were  that  place  an  oblong,  N  A.  instead  uf  a  diao,  u 
per  the  arrows  ?     And  why  should  it  be  a  disc  in  preforaDca  to 

*  Since  this  iriu  written,  I  have  liod  t)ifl  pririlege  ot  exiHoining  nt  tha 
Meleonilogicnl  Depaitmeat  of  Ihe  Board  uf  Tmdc,  Adiuind  Fitzro^'a  admintb 
diagmiua,  in  MS^  uf  the  "  Ro;al  Chnrb-r  "  atorm  of  Otitolct.  IH,'i9.  It  wu  a 
true  cyclone — the  besl  tjjie  of  oud,  and  the  tnoet  petfoctly  ilcTeloped  on  a 
lat^e  bqiId  tiiat  hiu  ever  faJloD  undet  lay  obecmiticRi.  Its  lorgcet  diamelv  db| 
not  mewiun  leal  Hum  300  aiiim. 


na  ellipse  a  square,  an  oblong, 
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any  figure,  be  it  never  bo  ir- 
regnlar?  Th<!  trade- winds  au- 
^bowing  the  equatorial 
calm  beit — an  oblong — wi  their 
placeofmeeting.  Theyneither 
revol*B  nor  blow  at  right 
angles,  witb  the  line  bf  their 
direction  fioro  tiie  place  oriow 
barometer;  but  they  blow  as 
directly  for  it  as  tbe  forces  of 
diurnal  rotation  will  allow.  Bnt  the  L-yclonologists.  instead  of 
permitting  the  wind  at  the  distance  c"  ttmeliTaet  to  bluw  to  the 
east,  and  at  d  to  blow  to  the  north,  merely  because  there  is  a  low 
barometer  east  of  e"  and  north  of  d,  require  it  alwai/i  so  to  blow 
becanse,  by  their  theory,  there  is  a  low  barometer  east  of  d  and 
south  of  c"  I  Thus,  to  reach  its  theoretical  place  of  dcHtination, 
the  wind  must  blow  in  a  direction  at  right  angles  to  that  destina- 
tion !  It  would  require  a  niHh  of  inconceivable  rapidity  so  to 
deflect  onrrents  of  air  while  tiey  are  yet  several  hundred  miles 
from  the  ctinti-©  of  gyration.  Moreover,  the  two  cyclonologintB, 
c"  and  d,  would  differ  with  each  other  a»  to  the  centre  of  the 
storm.  Bach  at  firttt  would  aasume  that  the  wind  was  blowing 
about  him  in  the  direction  of  tbe  curved  arrow  c"  and  d.  As  the 
place  of  low  barometer  travels  towards  B,  the  hauling  of  ibe  wind 
would  be  according  to  the  theory  at  c'',  but  against  it  at  d.  The 
cyclonokigist  in  d  would  place  the  centre  of  the  slorm  to  the 
eastward  of  him,  as  in  the  direction  aid,  but  the  other  would 
place  it  to  the  southward  of  him,  b«  in  the  direction  c'.  By  the 
role,  ahip  d  would  bo  led  towards  the  real  track  of  the  stonn,  i.  e.. 
into  danger,  and  ship  e"  away  from  it,*  From  all  this  it  would 
appear  that  the  cyclone  theory  ia  defective  in  this:  when  the 
wind  hanis  in  the  storm,  the  sailor  who  is  contending  with  it, 
lacks  a  rnle  by  which  he  may  know  the  influence  which  causes  it 
to  haul.  The  gyrating  disu  of  a  cyclone  can  never,  I  apprehend, 
exceed  a  few  miles  in  diameter.  On  shore  we  seldom  find  it 
eiceeding  in  breadth  as  many  rods,  in  most  cases  not  of  as  many 
fathoms,  as  its  advocates  give  it  miles  at  sea.  I  think  the  dust- 
.  whirl  in  the  street  is  a  true  type  of  the  tornado  ('cyclone)  at 
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12H      PHIfilOAl.  GKOOB-irHV   lilF  THS  BKA.   AND  ITS   iiii;tkob( 

800.  I*e  (ftree/orcM.— There  are  in  the  various  parte  of  tl 
Btonn  at  least  three  forces  at  work  in  effecting  a  change  of  « ' 
as  obaerved  on  board  ship  at  sea,  (I.)  One  is  diurnal  rotstii 
it  alone  can  never  work  a  change  of  direction  exceeding  91^ 
(2.)  another  is  the  vaiying  pD(>ition  or  travelling  motiun  of  tl 
place  of  baronieiric  depression:  the  change  effected  by  it  CfltiBl 
exceed  180°;  (3.)  and  the  third  is  the  whirling  motion  imparta 
by  the  rush  to  a  oommou  centre — as  the  whirl  of  water  at  tl 
flood-gale  of  the  mill,  the  whirlwind  in  the  street,  for  exampleJ 

801.  The  effect  of  each. — Hence  it  appears  that  in  a  storm  tj 
wind  may  shift  from  any  one  of  three  cauaee,  and  we  are  u 
entitled  to  call  it  a  cyclone  unless  the  wind  shift  more  than  18tl 
If  the  change  of  direction  be  less  than  90°,  the  shifting  mi 
be  due  to  diurnal  rotation  alone;  if  it  be  less  than  180°,  tl 
shifting  may  be,  and  is  probably,  due  (o  (I J  and  (2).  Tl 
sailor  has  therefore  no  proof  to  show  that  he  has  been  in 
cyclone  unless  the  wind  dtiriug  the  storm  changed  its  direotia 
more  than  180°.  Cyclones,  there  is  mason  to  believe,  are  ofM 
whirlwinds  in  a  storm.  This  maybe  illustraled  by  refemn 
^ain  to  our  miniature  whirlwinds  on  the  land ;  there  we  oftJ 
see  a  number  of  them  at  one  time  and  about  the  same  place;  ad 
they  often  appear  to  t^kip,  raging  here,  then  disappearing  for  j 
moment,  then  touching  the  ground  again,  and  pursuing  Ul 
former  direction.  J 

802.  A  tbrrm  leithin  a  ihirm. — Observations  have  proved  tU 
this  is  the  case  on  land,  and  observations  have  not  establisbd 
t)iat  this  is  not  the  case  at  sea ;  obfiervations  are  wanting  upd 
tliis  subject.  Tornadoes  on  the  land  often  divide  themselvcJ 
sending  out  branches,  as  it  were.  It  remains  to  be  seen  whetlii 
cyclones  du  not  do  the  same  at  sea;  and  whether,  in  those  widi 
spread  and  devastating  storms  that  now  and  then  sweep  over  tq 
ocean,  there  be  only  one  vortex,  or  Eeveral;  and  if  only  ma 
whether  the  whole  storm  partake  of  the  cyclone  oharaofer,  M 
other  words,  may  there  not  be  a  storm  within  a  storm— that  U,j 
cyolone  travelling  with  the  storm  and  revolving  in  it?  I  aJ 
the  question  because  the  theory,  as  at  present  expounded,  dofl 
not  satisfy  all  the  faots  observed ;  and  because  (he  esistenoe  i 
storms  or  whirlwinds  within  a  slorm  would.  I 

803.  The  Biaek  Sea  tlorm  of  1854.— The  celebrated  Black  S^ 
storm  of  1854,  whioh  did  bo  much  damage  to  the  allied  flael 
is  still  maintained   by  some  to  be  a  true  cycluue :  and  by  tb| 
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observationB  of  some  of  the  veaeelB  a  cvclono  may  be  mode  out. 
But  if  we  tab«  tlie  observatioiiB  of  all  of  Iheiu,  and  diKcuss  tbein 
iipoD  the  sappoeitiou  that  the  whole  storm  was  a  cyclone,  it 
will  puzzle  any  one  to  make  anything  of  them.  Admiral  Fiiz- 
roy.  in  the  Meteorological  Papers  of  the  Board  of  Trade, 
published  diagtHine  of  the  winds  as  observed  during  that  ntona 
nn  board  of  various  vessels  in  various  parts  of  that  sea.  I  have 
nut  been  able  to  reconcile  them  with  the  cychine  theory.  Espy  J 
iiiaintuns  that  they  confirm  his  theory;  and  his  (§  787)  is  an^w 
cyclonic.  -^ 

804.  Cyiioim  of  ihe  North  Jdan/ic— The  cylones  of  the  Korlh 
Atlantic  take  their  rine  generally  (S  7fi6)  somewhere  between 
the  parallels  of  10"  and  20"  north.  They  take  a  westerly  uonrse 
until  they  fall  in  with  the  Gulf  Stream,  when  they  turn  abouf 
and  run  along  upon  it  until  their  force  is  expended.  The  « 
liphere  over  the  Oulf  Stream  is  generally  well  charged  wi^ 
moisture,  and  in  this  fact  perhaps  will  be  found  the  reaeon 
(§  176)  the  path  of  the  storm  ie  laid  along  the  Gulf  Stream. 

805,  7^  huTTuane  teaton.— The  following  table  is  from  Biii>l 
Handbook  of  Storms : 


West  lodica 
S,  Indiitn  Ocean 
ftlaurilioe  . 
Baj  of  Bengal . 
CliinsSea .     . 


.,.|x„„ 


806.  Cj/ctoaet  tn  rte  Miamxnppi  Valley. — The  vortex  of  a  cyclol 
is  often  and  nplly  compared  to  a  meteor.  I  have  often  observi 
the  paths  of  such  tbrongh  the  forests  of  the  Kississippi  Vall^ 
and  the  path  of  one  of  thete  "whirlwinds"  as  they  are  ihei 
called  has  in  no  instance  that  has  fallen  under  my  nbservatio 
been  more  than  a  few  hundred  yards  brond,  Thera  the  track  | 
these  tornadoes  is  called  a  "  wiud-roail."  because  they  make  ■ 
avenue  through  the  wood  straight  along,  and  as  clear 
M  if  the  old  denizens  of  the  forest  bad  been  felled  with  an  ai 
I  have  eeeii  trees  three  or  four  feet  in  diamct«r  torn  up  by  t 
roots,  and  the  top,  with  its  limbs,  lyint{  next  the  hole  when 
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the  roofs  came.  NevertheleBs,  the  passage  of  the 
I1UT07  path  was  marked  by  devastation,  -would  i 
commotion  in  the  air,  and  there  would  be  high  winds  raging  for  j 
several  miles  on  either  side  of  the  "  wind-road."  But  (§  799)  let 
ns  consider  for  a  moment  the  efTeot  of  the  diurnal  rotation  of  lb« 
earth  upon  one  of  these  revolving  discs  1000  miles  in  diameter: 
ita  height  would  scarcely  be  two  miles,  and  iu  thichneas  wonU 
not  be  as  great,  in  proportion  lo  its  diameter,  as  half  the  thidomt 
of  this  leaf  is  to  tho  length  of  an  inch.  Now  the  difiereuoe  is 
rate  of  the  diurnal  rotalion  between  the  northern  and  sonihen 
limbs  of  the  disc  would  be  sufficient,  irrespective  of  any  othu 
power,  to  break  it  up.  Suppose  its  southern  limb  to  be  in  20* 
N,,  its  northern  limb  would  be  1000  miles,  Kay  17",  farthtf 
north,  that  is,  in  37°.  Diurnal  rotation  would  carry  to  the  eut 
the  air  in  the  sonlhem  limb  at  (ho  rale  of  845  mileti  nn  hour; 
but  when  this  same  air  comes  lonnd  on  the  northern  limb, 
diurnal  rotation  would  carry  it  eastward  at  the  rate  only  of  720 
miles.  Becaiiee  the  wind  hauls  in  a  particular  way,  it  doet 
not  follow,  as  by  diagram  ($  709)  it  has  been  shown,  that  it 
is  blowing  in  a  circle,  or  that  the  centre  of  the  storm  is  at  rigjit 
angles  t<i  its  lino  of  direction. 

807,  Extra-lrcfical  gale*. — In  the  extra-tropical  regions  of  e«eh 
hemisphere  furious  gales  of  wind  also  occur.  One  of  these, 
remarkable  for  its  violent  effects,  was  encountered  on  the  24Ui  of 
December,  18o3,  about  three  hundred  miles  from  Sandy  Book. 
latitude  39°  north,  longitude  70°  west,  by  the  "  San  Fruicisco.' 
sleam-ship.  That  ship  was  made  a  complete  wreck  in  a  few 
moments,  and  she  was  abandoned  by  the  8ur^-ivD^s.  after  in- 
credible hardships,  exertions,  and  Bufferings.  Some  months 
after  this  disaster  I  received  by  the  California  mail  the  abstrtct 
log  of  the  fine  clipper  ship  "  Eagle  Wing  "  (Ebenezer  H.  Linnell), 
from  Boston  to  San  Francisco.  She  encountered  the  ill-fated 
steamer's  gale,  and  thns  describes  it;  "  Der^inber  i4lh.  Latitude 
39°  15'  north,  longitude  62°  32' west.  First  part  threatening 
weather  ;  shortened  sail ;  at  4  p.m.  close-reefed  the  topsails  and 
furled  tlie  coursee.  At  8  p.m.  took  in  fore  and  mizen  top-sails ; 
hove  to  under  close-reefed  main  top-sail  and  spencer,  the  sdiip 
lying  with  her  lee  rail  under  water,  nearly  on  her  beam-ends. 
At  1  .^0  A.M.  the  fore  and  main  top- gallant-masts  wont  over  the 
side,  it  blowing  a  perfect  hurricane.  At  8  A.M.,  moderated; 
«  took  away  jib-boom  and  bowsprit  cap,     I  " 
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yeare'  experience  at  sea.  I  have  never  seen  a  typhwin  or  huni- 
c«ne  80  severe.  Lost  two  men  overboard— saved  one.  Stove 
akylight,  broke  my  barometer,  etc.,  etc."  Severe  galea  in  this 
part  of  the  Atlantic — i.  e.,  on  tbo  polar  aide  of  the  calua  belt 
of  Cancer — rarely  occur  dnring  the  months  of  June,  July, 
August,  and  September,  This  appears  to  be  the  tiwe  when  the 
fiends  of  the  at<irin  are  moat  busily  at  work  in  the  Weal  Indies, 
Ihiring  (he  remainder  of  the  yeur,  theao  extra-tropical  galee, 
for  the  most  part,  come  from  the  north-west.  But  the  winter 
ia  the  most  fumona  acaaon  for  these  galea.  That  is  the  time 
when  the  Gulf  Stream  has  brought  the  heat  of  summer  and 
placed  il  (§  1T2)  in  doaest  proximity  to  the  extremest  cold  of 
the  north.  And  there  should,  therefore,  it  would  seem,  be  a 
conflict  between  these  extremes;  conseqiienlly,  great  diaturbsDoes 
in  tho  air,  and  a  violent  rush  from  the  cold  to  the  warm.  Id 
like  manner,  the  galea  that  most  prevail  in  the  extra-tropica  of 
the  southern  beniisphere  come  irom  the  pole  and  the  west,  i.  e., 
Nuuth-weat. 

808,  Storm  and  Raia  charts. — Storm  and  Rain  Charts  for  the 
AtlsDtio  Ocean  have  already  been  publiehed  bj-  the  Obser*atory, 
and  others  for  the  other  oceana  are  in  process  of  construction. 
The  object  of  such  charts  ia  to  show  the  dlrecfiona  and  relative 
frequency  of  calma,  foga,  rain,  thunder,  and  lightning.  These 
charts  are  very  instructive.  They  show  that  tliat  half  of  the 
atmoapherical  coating  of  the  earth  which  covers  the  northern 
heraisphore— if  we  may  take  as  a  type  of  the  whole  what  occurs 
on  either  side  of  the  equator  in  the  Atlantic  Ocean — is  in  a  much 
stable  condition  than  that  which  covers  the  Goutbem. 


CHAPTER.  XX. 
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4.  R^etition  often  tteeetgaiy. — A  h-oek  of  tbis  sort,  which  is 
prc^^eMive,  must  necessarily  bear  with  it  more  or  less  of 
repetition.  It  embodies  the  reaulta  of  the  most  extensive  sj-sfcm 
of  philosophical  observations,  physical  inveatigation,  and  friendly 
oo-operation  that  has  ever  been  aet  on  foot.  As  facts  arc  developed, 
theories  ore  invented  or  expanded  to  reconaile  them.  As  noaa 
as  thia  is  done,  or  in  a  short  time  thereafter,  some  one  or  more  of 
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the  fleets  that  are  oat  leoonnoitring  the  sea«  for  os,  retnn 
additional  faots  for  our  storehouse  of  knowledge.  VVhethe 
tend  to  coufinn  or  disprove  the  theory  a  restatement  i 
called  for;  hence  tho  repetition,  of  which  the  caae  l>eforo  i 
BKainple. 

812.  The  8.E.  and  N.E.  hade-tcijidg  put  in  a  baJanre. — The  fwtU 
stated  in  Chap.  XV.  go  to  sltow  that  the  south-east  trade-windf 
ani  stronger  than  the  north-cast.  The  barometer  tells  ns  (§  643) 
that  between  the  parallels  of  5"  and  20°  the  Houth-eaet  trad*- 
winds  bear  a  superincumbent  pressure  upon  the  equ&re  foot  d 
neiLrly  4  pounds  greater  than  that  to  which  the  north-east  trads 
are  subjected.  Such  an  eicess  of  superincumbent  pressure  upoii 
a  fluid  BO  elastic  and  subtle  as  air.  ought  to  force  Uie  sonth-ewt 
trade-winds  from  under  it  more  rapidly  than  tbe  lighter  preesim 
forces  the  ncftlh-efist.  Observations  showing  that  such  is  or 
is  not  tbe  case  should  not  be  ignored. 

813.  Observaliom  by  2235  veueU. — I  have  the  separate  t 
independent  evidence  from  every  vessel  in  a  fleet  numbering  no 
less  than  2235  sail  to  show  that  the  S.E.  are  stronger  than  the 
K.E.  trades.  All  of  those  vessels  passed  through  both  systemB  of 
trade-winds,  Tho  knots  run  per  hour  by  each  one  of  them, 
as  tlicy  passed  through  the  south-east  trades  of  the  Indian  Ocem 
and  through  both  systems  of  the  Atlantic,  have  been  measured 
and  discussed  troia.  crossing  to  crossing.  The  average  result  in 
knots  is  expressed  in  the  annexed  table,  P.  43:1.  The  comparison 
is  Qonfiued  to  the  rate  of  sailing  between  the  parallels  of  10'^  and 
25°,  because  this  is  tho  belt  of  steadicdt  trades. 

814.  Shipt  uied  ag  anemometers. — It  is  well  to  observe,  that  im 
each  of  these  three  oceans,  though  tho  direction  of  the  wind  is 
the  same,  the  coiiree  steei'ed  by  each  fleet  is  different ; 
ijuenUy,  these  sailing  antatumeleTi  are  at  different  angles  with  the 
wind ;  through  the  south-east  trades,  the  wind  is  nearly  aft  in 
the  Atlantic,  and  qnartering  in  the  Indian  Ocean,  giving  as 
average  sailing  speed  of  7  knots  an  hour  in  iho  latter,  and  of  6 
in  the  former ;  while  through  tho  north-east  trades  the  averago 
speed  )8  6i  knots  an  hour  one  way  (N.W,  i  W.).  with  tho  wind 
jnst  abaft  the  beam,  and  5|  the  other  (S.S.B.).  with  the  wind  st 
a  point  not  so  favourable  for  speed.  Indeed,  most  of  tha  ahiiw 
which  average  a  S.y.E.  course  through  this  part  of  tha  nortli- 
east  ti'adc-wind  belt  are  close  hauled  :  therefore  the  avMim^ 

jnglh  of  tho  Irades  hero  cannot  bo  fairly  compared  i 
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average  Htrengtb  where  the  fleet  liave  free  winds.  Wliftt  u  Urn 
difference  in  tlie  slrenglh  of  sucli  winds,  whioh  impiiigitjg  npon 
the  sails,  eack  at  the  purticnlar  angle  indicated  above,  imparts  tLe 
aforesaid  velocities?  Moderate  winds,  such  as  tbeee  are,  giv«a 
ship  her  highest  speed  gonerally  when  they  are  juEt  aiXmh  lite 
beam,  as  they  are  for  a  north-west  course  through  the  north-«Ml 
trades  of  tho  North  Atlantic.  So,  to  treat  those  ships  as  cnwBiv 
metert  that  will  realty  enable  us  to  measure  the  companti*e 
atrenglh  of  the  winds,  we  should  leduoe  the  average  kuota  p« 
hour  to  the  average  speed  of  u  mean  ship  soiling  thruugb  arangs 
•'  trades  "  in  each  ocean,  with  the  wind  impinging  upon  har  mO* 
at  the  eame  angle  for  all  tJiree,  as,  for  example,  just  abaft  tha 
beam,  as  in  the  North  Ailatitio. 

815.  VelocUj/  of  the  irade-uiindi. — Let  us  apply  to  the  average  speed 
through  the  South  Atlantic  and  Indian  Oceans  such  a  correction. 
Ttu'ough  the  former  the  wind  is  aft ;  through  the  latter,  giiart«r- 
ing.  If  we  allow  two  knots  as  a  correction  for  the  one  and  one 
as  a  correction  for  the  other,  we  shall  uot  be  greatly  out.  Appt}- 
ing  such  corrections,  we  may  stute  the  speed  of  a  me&ii  ul^ 
sailing  with  average  trades  just  abaft  the  beam  to  be  us  faUoi 
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tarn  to  be  us  ialJoa|^ 
C}  kuota  ]er  hoiiei^^^^| 

-    ^1 

d  not  onljr  bf  the  i9^^| 
tbe  Fnincli   flttut  oafll^ 


*  Tliit  this  comction  it  nol  too  large  is  indicttted  not  onljrlijr  the 

uiiU  which  Admicnl  Chahaiiiiia.  in  oommiiDd  of  tbe  French   flHut 

uwut  of  BtsdL  has  kiiuily  mtiuetl  lo  be  made  by  tliu  brig  '■  Zebm."  but  kf 

, ttiu  (blluwiDi 

■■  Fris.tt  ■  T.'Alwtl*/  U  MonW  VUks,  Hw  10.  tMe. 
"  Dear  Sib,— I  am  ^t^plyinJ!  to  your  lett^jr  of  tlie  30lh  of  Juiniuy  hut.  wfaioli 
I  tiare  receired  villi  the  dupUcnte«  of  tliat  dated  Jonaaiy  ISlli,  I85!l,  whU 
you  havD  hod  tlio  goodnesa  to  eend  me  llirougli  H.  do  Hontholoa,  u  irell  U 
tI>B  iutercHting  nautical  monograph  Mo.  1,  and.  ficiully,  the  inaDuacript  poaMm 
from  aa  article  relative  to  (he  force  of  thu  windii  lo  the  height  and  tdIooI^^ 
eloudB  luid  waves.  I  rcgtet  exceedingly  tlint  t  have  not  imder  >iijr  uidcM  • 
iquBdran  of  aailiog  jteauiii  with  width  I  Muld  pat  to  saa,  and  duvote  roTMlf 
to  all  thew  nnearches.  Dufortunati'ly,  I  have  oDly  Bteamora  lu  my  dtvisoD, 
with  the  Biocption  of  tiia  frigale  which  oirriBB  my  flag,  and  political  olmia. 
Hbtnoea  liave  retained  mo  nlmoii  cooatantly  in  the  La  Plata,  I  am  now  mk 
pnMohing  tlie  end  of  my  oamiiuui(l.  and  in  a  few  days  murt  loaro  MaDlo  VU90 
to  aaeago  in  some  hydrograpliiuiLl  wofka  an  tho  coast  of  Brazil,  anil  aftermidt 
1  ■hall  reti —  *^  ^' ^  ""* — ^  '  '  ~ *--—---?...»..  i.-.-.  *«    .      ■  - 


U  return  to  Fnuieo.  where  I  I'Xpwt  lo  an 
I  aball  uot  bil  duriug  thia  voyii)ru  lo  muke  a 


in  the  begiuniiig  of  Seub 
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I  do  not  take  into  this  ootnparUoD  tb»  force  of  the  N.B.  Irados  on 
a  S.S.E.  course  (S  813),  because  the  wiada  along  this  route  are 
known  not  to  be  as  steady  as  they  are  farther  away  from  the 
African  coofil.  Thus  it  is  clearly  established  that  the  S.E.  traden 
are  stronger  ihan  the  N.R,  and  no  they  thnuld  be  if  there  be  a  crou- 
ing  ofieiwli  in  the  calm  bell  ofCiyrieom. 

816.  Dillo  of  the  eounter-tfiidet. — The  counter-trades  of  thu 
southern  hemisphere  move,  aa  before  Btated,  towards  their  polu 
more  Hteadily  and  briakly  than  do  the  counter-trades  of  the  north- 
ern heiniH)iliBre.  To  give  an  idea  of  the  difference  of  the  strength 
of  these  two  winds,  L  cite  the  fact  that  vessels  sailing  through 
the  latter,  aa  from  New  York  to  England,  average  ICO  milea  n 
day.  Along  the  corresponding  Utitiides  through  the  former,  as 
on  A  voyage  to  Australia,  the  average  speed  is  npwardii  of  2UU 
miles  a  day.  Consequently,  the  counter-trades  of  the  sonthom 
hemisphere  transport  in  given  timoB  larger  volumes  of  air  towards 
the  Boutli  than  oitr  counter-trades  do  towards  the  north.  This 
air  returns  lo  the  tropical  calm  belts  as  an  upper  current.  If, 
descending  there,  it  feeds  the  trade-winda,  then,  the  supply  being 
more  abundant  for  the  S.E.  trades  thaji  for  the  N.E.,  the  S,E. 
trades  must  bo  tho  stronger  :  and  so  they  are  ;  ohaervations  prove 
them  so  to  be.  Tims  the  crossing  of  the  air  at  the  tropical  calm 
belts,  though  it  may  nnt  be  proved,  j-et  it  is  shown  to  bo  so  very 
probable  that  the  onus  of  proof  is  shifted.  It  now  rests  with 
those  who  dispute  the  croHfiitig  to  prove  their  theory  the  tnie  one. 


linvD  indicated,  in  order  to  MlaUiah  the  rclntiTe  force  of  tlie  trode-winda  in  tlii' 
southern  aud  in  the  norUieni  iitmiapliere — iJolcrminiag  tbu  diffarenoas  of  Telo- 
ailjr  of  Ihn  frigate  with  niad  aft  and  wind  abvnm. 

"  In  ID  J  luit  letter,  of  tlie  25tU  of  Jaiiimry.  I  gave  j'oii  the  leenlte  oblaiilerl 
hy  the  brig  'Zebm,'  but  the;  are  ner/  incomplete:  uid  I  liah,  with  tl»t 
•Alcwrto,'  to  detetmine  tlie  comparaUre  Telocities  ob(nin«l  wilb  a  porfwilly 
rejpilar  wind  in  tbe  diOtrcnt  rutin  of  going  from  the  ncnr»t  the  intid  to  wful 
full  aH.  It  Is  orident  that  the  differenoea  obaerTcil  in  t)iii  mnnnET  will  he 
dependent  on  tbe  apecul  qnalities  a!  laicli  vessel  used  in  the  eipcrim«iiU.  and 
that  it  will  be  also  neoBsmrr  to  bike  thll  acounnt  of  tho  etate  of  tlie  mm ;  but 
by  mnltiplfing  eiperimtnte,  one  will  CFrlainly  arrive  at  an  average  in  which 
oonflilence  muy  he  placed.  I  think  with  jou,  that  for  a  ship  sailing  6  kiinta, 
with  wind  full  aft.  tUere  will  be  an  iacrease  at  nieed  of  3*5  to  3  Imou,  with 
[lie  wind  a  little  abcft  the  bcani.  I  have  alread;  had  occasion  to  remiirk  ilwt 
far  tho  'Alc&ite'  tliii  iliSbrence  sooietiiaoa  vxcteds  3  knots.  Hy  next  Itller 
will  give  yon  the  dotuils  of  the  cxpcHmonta  which  I  shall  have  made  in  this 
nviH^  both  south  and  north  of  Uie  Una,  which  will  ncvourarily  lengthen  my 
v»yage  a  littk.  I  am  b>o  aniioaa  to  co-opento  in  my  feeble  way  r  "  —  ' 
wurka  jon  are  cairying  on,  not  to  tavriUce  willingly  au  ' 
diemnatonoca  will  permit" 
^  3  P  2 
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817.  3fte  iMDM  Uiey  gel  up. — Arrived  at  tliia  point.  anoUter  tibw 
in  the  tit^ld  of  conjecture  is  preseDted,  which  it  is  proper  «e 
should  paiiBe  lo  consider.  The  movenientK  of  the  atruuaphere  oe 
the  polar  eide  of  40"  N.  aro,  let  it  be  repeated,  by  ao  uieanv  nt 
(lUDGtant  from  the  weiit,  nor  is  the  Btreiigth  of  the  westerly  winili 
iliere  nearly  bo  great  on  the  overago  as  it  is  iu  the  uorrespondiiii; 
I'Bgions  of  the  south,  lliis  fuct  in  well  kiiowu  among  nuui- 
tiL-rs.  Every  one  wb«  has  sailed  in  that  soathern  girilla  ol 
waturs  which  belt  the  ennh  on  the  polar  aide  of  iW,  has  been 
Kinick  with  the  force  and  tiade-lifco  rpguiarity  of  the  weiit«ily 
winds  whicli  pi-evail  thoro.  The  waves  driven  before  tiieso  wiodt 
iisBiime  in  their  regularity  of  form,  in  the  magnitude  of  their  pro- 
[lortions,  aail  in  ihe  statelinesa  of  their  march,  aa  uspeot  oC 
■Majestic  grandeur  that  ihe  billowH  ft  iho  sea  nevor  atljtin  eUc- 
where.  No  such  waves  ure  found  in  the  trade-winds ;  ior, 
ihijugh  the  B.E.  trades  are  quite  as  conslniit,  j'et  they  have  not 
the  force  to  pile  the  water  in  snch  heapa,  nor  to  ariange  the 
wavea  no  orderly,  nor  to  dri*e  them  bo  rapidly  as  thoBo  "  Imsto" 
winds  do.  There  the  bUIows,  chasing  each  other  like  skippiii| 
lijlhi,  look,  with  their  rounded  creeta  aud  deup  boUowH,  more  like 
tuountaina  rolling  over  a  plain  than  the  waves  which  we  an 
acuustcimed  to  see.  Many  days  of  oona'.ant  blowing  over  a  wide 
expanse  of  ocean  are  rci^uii-ed  to  get.  np  suck  wav«e.  It  w  these 
winds  and  waves  which,  on  the  voyage  to  and  from  Aiistralia, 
have  enabled  rhe  modem  clipper-ship  to  attain  a  spued,  and,  day 
after  day,  to  accomplish  runs  which  at  first  wore  comiider«d,  even 
by  the  nautical  world,  on  fabulous,  aud  are  yet  regarded  by  all 
with  wonder  and  admiration. 

818.  A  meUorotogieal  coroiiorj.— Seeing,  therefore,  that  we  cui 
bnng  in  tnich  a  Taiiety  of  facta  and  circumHlances.  all  tending 
to  show  that  theS.E.  trado-winda  are  stronjrer  than  the  N.E.,aiid 
that  the  westerly  winds  which  prevail  on  the  polar  side  of  iff' S. 
are  stronger  and  more  constant  than  their  antceciun  fellows  of 
the  north,  we  may  consider  it  ns  a  fact  established,  inilc]ie]idvntly 
of  the  concliisivo  proof  afforded  by  Plate  XI II,,  that  the  g;ei)«nl 
.system  of  atmusjiherical  oircnlation  is  more  active  in  the  soiith«Tii 
tlian  it  is  in  Ihe  northern  bu-miifphere.  And,  seeing  tliat  it  blows 
with  more  elrenglh  and  rognlarily  from  the  west  in  tlie  extm- 
tixijiieol  rvgions  of  the  southern  than  it  docs  in  the  extiB-tropitMl 

"e  should  dednoe,  ' 
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urrested  in  their  course,  or  turned  back  in  their  cirouitfi,  aa  are 
those  of  the  north,  Coneequently,  moreover,  wo  should  nol, 
either  in  the  trades  or  the  counter-trades  of  the  Bonlhem  henii- 
sphore,    look  fur  as  many  calniH  as  in  those  of  the   northeiTi 

8111.  Facts  eatahliahed. — Wherefore,  holding  to  this  corollary, 
wu  may  consider  the  followiug  an  esUibliahed  iaiAa  in  the  meteor- 
olugy  of  the  eea :  That  the  S.E.  tradu-winds  we  atrongcrthan  the 
N.E. ;  that  the  N.W.  passage-winds — the  counter-trades  of  the 
Buuth— are  stronger  and  less  liable  to  iuteJTuplion  in  their  cir- 
cuitG  than  the  S.W.,  the  couuter-trades  of  the  north :  that  the 
iitmuspherioal  circulation  ia  more  regular  and  brisk  in  the  Bouth- 
ern  than  it  is  in  the  northern  hemisphere  ;  and,  to  repeat :  aince 
the  wind  moves  in  its  cirouit  more  briskly  llu'ough  the  southern 
than  It  does  through  the  northern  hemisphere,  it  consequently 
has  leHs  time  to  tarry  or  dally  by  the  way  in  the  sonth  than  in 
the  north ;  hence  the  corollary  juat  staled.  But  observations, 
also,  as  well  as  maths matiually'drawn  inferonceB,  show  that  calm* 
are  much  less  prevalent  in  the  southern  hemispbei-e.  For  1hi» 
inference  observations  are  ample  ;  they  arc  grouped  together  by 
thousands  and  lens  of  thousands,  both  on  the  I'ilot  and  the  Storm 
and  Kain  Charts.  These  cJiarts  have  not  yet  been  oompieted 
lor  all  parts  of  the  ocean,  hut  as  far  as  they  have  been  constructed 
the  facta  they  utter  are  in  perfect  agreement  with  the  terms  of 
this  corollary. 

S20.  Almogpheriad  circalatiifa  more  active  in  ike  nmlhem  than  in 
Ok  narlhiru  hemlnphere. — These  premises  being  admitted,  we  may 
aauend  another  round  on  this  ladder,  and  argue  that,  since  the 
atmosphere  moves  more  briskly  and  in  more  coUBtant  streams 
through  itfi  genei'at  channels  of  circulation  in  the  southern  than 
it  does  through  them  in  the  northern  hemisphere ;  and  tliat. 
since  it  is  not  arrcisted  in  its  courses  by  calms  as  often  in  the 
former  as  it  is  in  the  latter,  neither  should  it  be  turned  back  by 
the  way,  so  as  to  blow  in  gales  from  the  direction  opposite  lo  that 
in  which  the  general  circulation  carries  it-  The  almospbetv,  in 
its  movementH  along  its  regular  channels  of  circulation,  may  tif 
likened,  ihat  in  the  southern  hemisphere  to  a  fast  railway  train  ; 

fof  the  nortbeni  to  a  slow.  The  slow  train  maj,  when 
am  is  up,"  run  as  faft  as  (be  fast  train,  but  it  is  not  btigcd 
t  through  eo quick  ;  ihorefoi*  it  may  dally  hy  the  way,  stoii, 
Mck.and  6lill  be  ihrough  in  time.    >'ot  po  the  fast;  it  has  nut 
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time  to  stop  often  or  to  fuu  back  far ;  neiilier  have  the 
trades  ot  the  south  time  to  blow  baakwaid ;  ooboequently, 
being  the  conditionB,  we  should  also  expect  to  fitid 
tropical  south  a  gale  with  eaetiug  in  it  much  moie  eeldom  than 
in  the  extra- tropical  north. 

S21.  Oalet  tn  Ihe  Ixvo  hemi^here». — We  shall  appcitl  to  obaerr*- 
tioDB  for  the  correctness  of  thie  ccQJectnre,  and  claim  for  it,  alio, 
OS  presently  will  appear,  the  dignity  of  an  established  truth  in 
marine  meteorology. 

Atrrmi*  Number  {In  tJte  1000  Oliienalioiu)  of  Gala,  uOh  Easting  oni  nM 
tn  them,  betieeea  Iht  airraipoiiding  raralleU  in  Ue  North  and  SaiA 
and  Sail  Charli. 
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TbuB  the  Storm  and  Hain  Charts  show  that  between  the  parall«Ii 
of  40°  and  56"  there  were  in  the  northern  Lpmiaphore  S3,&15 
obiwrvations,  and  that  for  every  1000  obnervatioUK  there  were 
a  gales  with  easting  and  106  with  weating.  Thai  in  the  eoulh- 
ern.  there  were  19,473  observations,  and  for  every  1000  of  thece 
there  were  6  gales  with  eaeting  and  80  with  westiug  in  them. 
Those  for  the  liouthern  heraiophoro  ore  only  for  that  part  of  the 
ooetin  through  which  vessels  pass  on  their  way  to  and  fro  nround 
L'ape  Horn.  That  part  of  this  rout«  which  lies  between  "10°  anil 
S5 "  S.,  is  under  the  lee  of  South  America  ;  and  Patagoiiia,  that 
lica  east  of  the  Andes,  is  almost  a  rainless  region ;  consequently, 
we  might  expect  to  find  more  unsteady  winds  and  fewer  raioa  in 
that  part  of  (he  ocean  whore  the  observations  for  the  soutbotn 
pai-t  of  the  tables  wore  made  than  we  should  expect  to  meet  with 
well  out  to  sea.  as  at  the  distance  of  two  or  three  thousand  mllM 
to  the  eastward  of  Patagonia.  So  that  Ihe  contrast  presented  'b^ 
the  above  etatcment  would  probably  bo  much  greater  did  ont 
obsorvBtiouB  extend  entirely  across  the  South,  as  they  do  acnet 
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the  NoTtli  Atlantic.     But  as  it  ia.  the  contrast  ia  vety  striking;.       ^^^H 
In  some  aspects,  tbe  tueteorologioal  ^cnts  of  the   tivo  hemi-       ^^^| 
spheres,  especially  those  forces  which  oontrol  the  winds  and  the       ^^^| 
weather,  differ  very  moch.     The  difference  is  so  wiile  as  to  siig-       ^^^| 
geat  greater  regniarily  and  rapidity  of  circulation  on  one  aide  of      ^^^H 
tlie  equator  ihan  on  the  other.                                                                  ^^^| 

822,  Cn/nw  i"n  llu:  liao  hemrphera.—Artragt  Sumher  of  OArnt  to  (fc<  1000  06-        ^^H 
.  rm(;«,»  (.(««*  (fc(f  oraJfai.  n/30»  and  S6-.  m  fA«  iforik  and  &m>h  AUanlh.         ^^M 
i,..d  ttluwo  the  PandlrUo/W  and  GO^  in  Oit  North  ami  South  Pacijie  OetanB.        ^^H 
.u  duHim  If/  the  yUA  ChajU.                                                                                                   ^^^1 
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Each  one  of  these  obBervatione  embraces  a  period  of  eight  houra  ;      ^^H 
ihe  grand  total,  if  arranged  oonaecu timely,  with  the  observatioDfl      ^^^| 
drawn  out  each  to  occnpy  its  period  separately,  would  bo  equal      ^^^| 
to  373  yeaTB.     Tliey  exhibit  aeveral  curious  and  suggestive  facta      ^^^H 
conoeming  the  difference  of  the  atmospherical  stAbilily  in  the      ^^^H 

the  eeat  of  those  forces  which  produce  this  difference  in   the      ^^^| 

dynamical  statue  of  the  two  great  aerial  oceans  ihat  envelop  our      ^^^H 

planet,  we  should  search  for  them  ia  the  unequal  distribution  of      ^^^H 

land  and  water  ever  the  two  bemisphuies.      In  one  the  wind  is      ^^^H 

^Huerrupled  in  its  circuits  by  the  continental  mastiea,  with  their      ^^^H 

^^■XHled    plains,  their  snowy  mantles  in   winter,   their    sandy      ^^^H 

^^HBjrts  t&  Bummer,  and  their  jaountain  nmges  alwnya.     In  tb«      ^^^| 
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other  there  in  hut  Httlo  land  and  letie  enow.  Ou  the  polar  side 
of  40"  S.  eBpeeiiilly.  if  we  except  Lho  smftll  reninant  of  this  con- 
tiaent  that  prulrudun  beyond  that  purallel  in  the  direction  gi 
Cape  Horn,  there  is  si:atut:)y  an  islaud.  All  is  eea.  There  thu 
air  is  never  dry  ;  it  ie  always  in  funtact  ivith  it  vaponr-giving 
Hurface ;  consequently,  (he  winds  there  are  loaded  with  moietiira, 
which,  with  every  change  of  temperature,  is  either  increased  by 
farther  evaporation  or  diiainiiilied  by  temporary  condensatioii. 
Tbe  propelling  power  of  the  ainds  in  Ike  Boatiiem  Itemiaphem  rcudtt 
ehiffti/  in  ihe  latent  heat  of  the  vapoar  tehieh  they  miek  ap  frum  lie 
mgirdling  sea  on  l)ie  p<ile\r  side  nf  Capricorn. 

824,  Lieut.  Van  Oough's  SUirm  and  Bain  Charts. — The  Stonn 
4ind  Rain  Charts  show  that  witliin  the  trade-wind  regions  of  both 
hemispheres  tbe  calm  and  rain  curves  are  aymmetrieal ;  that  in 
the  extra-tropical  regions  the  symmetry  is  between  the  calm  and 
fcg  curves  ;  and  aJso,  especially  in  the  eouthem  hemitiphere, 
between  the  gale  and  rain  curves.  Lieutenant  Van  Gungh,  of 
the  Butch  Navy,  in  an  interesting  paper  on  the  coiiDocliuu  be- 
tween storms  near  the  Cape  of  Good  Hope  and  the  temperature 
of  the  sea,*  preeenta  a  storm  and  rain  chart  for  that  region.  It  b 
founded  on  17,810  observations,  made  hy  COO  ships,  upon  wind 
and  weather,  between  14°  and  ;i2''  E.,  and  33°  and  37°  S.  By 
that  chart  the  gale  and  rain  curves  wo  so  Byminetrical  that  the 
phenomena  of  raina  and  galea  in  the  extra- tropical  sea^  present 
themselves  suggestively  as  canse  and  efloct.  The  general  storm 
and  rain  oharts  of  the  Atlantic  Ocean,  prepared  at  tho  National 
Ohservaloiy,  Washington,  bold  out  the  some  idea.  Let  na 
examine,  expand,  and  explain  this  fact. 

925.  The  "  bravt  aext  mnilM  "  caused  hyrare/aetion  in  (/i«  antareUe 
region*. — We  ascribe  tfie  trade-wiuda  to  the  equatorial  calm-belt. 
But  to  what  shall  we  ascribe  the  counter-trades,  particularly  of 
the  southern  hemisphere,  which  blow  with  as  much  regnlarit^r 
towards  the  pole  as  the  narth-eBKt  trades  of  the  Atlantic  dt> 
towards  the  equator  ?  Shall  we  say  that  those  winds  are  drawn 
towards  the  south  pole  by  heal,  which  causes  them  to  expand  and 
asoeud  in  the  antarctic  rcgic>ns?  It  sounds  somuwhnt  pM»- 
doxical  to  say  that  heat  oawsea  the  winds  to  blow  towards  tho 
l>ales  as  well  as  towards  the  equator:  but,  after  a  little  explana- 
tion, and  the  passing  in  review  of  a  few  facta  and  circnmataneea, 
Du  Stanucn  nabij  do  Kaup  ie  Onede  Uopo  ia  Ttrbaod  bcecbonird  tnetito 


perliApe  the-  ptkrailox  may  disappear.     It  ia  beld  ae  an  eBtabliahcd 

f'ucil  by  meteorologislfl  thai,  the  average  nmount  of  precipitatioti  in 

greater  in  the  northern  than  in  the  sunthem  hcmuphere ;  but 

i^tkie,  I  imagine,  applies  nither  to  the  land  than  the  sea.     On  the 

^btiv  side  "f  4(V  it  is  mostly  water  in  tliu  BDiithern,  moHtly  land 

Hpithe  northern  hemisphere.     It  ia  only  now  and  then,  and  on 

.  'inre  occaeious,  tliat  nhipa  curry  Tain-gtiiiges   to  sea.     We  can 

detemtiue  b}~  quuntitive  mensurenienta  the  diiforcnee  iu  amount 

of  precipilaliou  on  the  load  of  the  two  bemifipheree,  iind  it  is  the 

result  of  this  determination,  I  imagine,  that  lias  giveu  rise  to  the 

general  remark  that  tho  rain-fall  ie  greater  for  the  northern  tbnn 

it  is  for  the  Buutbera    hemisphere.      But  wu  have  fuw  fayet<>- 

grapbio  measurements  for  quantity  at  aea;  thoro  Ibe  dutomiiua 

IJODs  are  mostly  numerical.     Our  observers  report  the  "  times  " 

^1  precipitation,  wliioh,  whether  it  be  iu  the  form  of  min,  hail, 

H>  bhow,  is  callcil  by  the  charts,  and  in  this  lUscnsaign,  rain. 

Among  Huch  a  large  corps  of  observers,  rnin  ia  xometimea,  no 

doubl,  omitted  in  the  log;  go  that,  in  all  proliubility,  the  charts 

do  not  show  as  many  "  times"  with  rain  as  there  are  ''  times  " 

aetuaUy  with  rain  at  sea.    This  omisxiuu,  however,  is  as  likely  to 

Douur  iu  one  hemisphere  as  in  the  other.     Still,  we  may  safely 

oHstime  that  it  rains  oftener  in  all  parts  of  the  sea  than  our 

observations,  or  the   rain  charts  that    are   foimded  on    thorn. 

indicate. 

.  Rclatiet  freqiten^  of  rains  and  ijalet  at  mo. — With  the 
V  of  comparing  the  rains  at  sea  between  tho  })aralle]s  of  55^ 
3  01)'',  botli  in  the  North  and  South  Attantio,  wt>  bave  token 
^from  the  charts  ihe  following  figures: 

South  Atkntic— Obaervationa.  tUlO;    giiks,    1!28:      nillu.      1103 
North  Atlantic—  ..  52ii ;       ..  183 ;         „  (i* 

GuloB  to  Uio  IIMXI  obaervotiiiiM  .   .  S.  AUitnlii!,  liu :  N.  Alluotic^  2S{i 
Baina,      „  „  .   ■  S.AIluulic,  131 ;  N.AtluuUi',  I'^l 

t  is,  for  every  10  gales,  there  are  in  the  southern  bemispboro 

'a  the  northern  4.7.     In  which  hemisphere  does 

it  water  fall  on  tho  average  during  a  rain  at  aea  ?    Observa- 

1  do  not  tell,  but  ihcre  seems  to  be  a  philosophical  reason 

Alf  it  should  rain  not  only  oftener,  but  more  copiously  at  oeu, 

rvipecially  in  the  extra'tropical  regions,  in  the  soulbem  heuii- 

uphere  than  in  those  of  the  northern.     On  tho  polar  side  of 

ify'  X.,  for  eiamplu,  the  l&nd  is  stretched  out  in  continental 

,  upon  the  thirsty  bosom  of  which,  when  the  air  dropa 
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down  its  load  of  moieture,  only  a  portion  of  it.  can  Le  taken  up 
again  ;  \iio  reat  is  absorbed  by  tbe  earth  to  foed  tbe  springs.  On 
the  polar  side  of  40'  S.  we  have  a  water  instead  of  a  land  Hiir&oe, 
and  as  fast  as  precipitation  takes  place  there,  tbe  ocean  re- 
pleuisbea  tbe  air  wiib  luoisture  again.  It  may  consequently  be 
assumed  that  a  high  dew-point.^at  least  one  as  high  as  the 
ocean  can  maintain  in  contact  with  winds  blowing  over  it,  and 
going  troia  wanDer  to  cooler  latitude  all  the  time — is  th« 
normal  condition  of  the  fur  on  tbe  polar  side  of  40°  S.,  wberess 
on  the  polar  aide  of  40°  N.  a  low  dew-point  prevails.  The  riveiB 
to  the  north  of  40'',  I  reckon,  could  not,  if  they  were  all  con- 
verted into  steam,  supply  vapour  enongh  to  make  up  this 
averugo  difference  of  dew-point  between  tbe  two  hemiapbarea. 
Tbe  symmetry  of  the  rain  and  Htoim  curves  on  tbe  polar  side  of 
40°  S.  snggeala  that  it  is  tbe  oondensation  of  this  vapour  wbiob. 
wilb  tbe  liberation  of  ita  latent  beat,  gives  such  activity  and 
regularity  to  tbe  circulation  of  tbe  atmosphere  in  tbe  otJier 
hemisphere. 

827.  lie  rain-fall  of  Cape  Ham  and  Gherrapotyie.—  On  Ibo  polar 
aide  of  40°  8.,  near  Cape  Horn,  the  gauge  of  Captains  King  and 
Fitiroy  showed  a  rain-fell  of  153.75  inches  in  41  days.  Ther« 
is  no  other  place  except  Cherraponjie  where  the  precipitation 
approaches  this  in  amount.  Cherraponjie  (§  299)  is,  it  ba« 
already  been  stated,  a  mountain  station  in  India,  4500  feet  bi^ 
which,  in  latitude  25°  N.,  acts  as  a  condenser  for  the  monsoons 
fresh  from  tlie  sea.  But  on  the  polar  side  of  latitude  45°,  in  the 
northern  hemisphere,  it  is,  except  along  the  American  shores  of 
the  North  Pacific,  a  physical  impossibility  that  there  should  be  a 
region  of  such  precipitation  as  King  and  Pitzroy  found  on  the 
western  slopes  of  Palagonia— a  physical  impossibility,  beoanse 
that  peculiar  comhination  of  conditions  required  to  produce  a 
Patagnnian  rain-fall  is  wanting  on  the  polar  side  of  45°  N. 
There  is  in  tbe  North  Atlantic,  water  surface  enough  to  afford 
vapour  for  Buuh  an  amount  of  preoipitation.  In  tbe  North 
Pacific  the  water  surface  may  be  broad  and  ample  euoagfa  to 
aiford  the  vapour,  but  in  neither  of  these  two  northern  aheeta  of 
water  are  the  winds  continuous  enough  from  the  westward  to 
bring  in  Ihe  requisito  quantities  of  vapour  from  the  sea.  More- 
over, if  the  westerly  winds  of  the  extra- tropical  north  were  as 

steady  and  as  strong  as  are  tbuao  of  the  south,  there  ia  lacking  ia 

lortb  that  continental  relief — mountain  ranges  t 
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iptly  out  of  the  t 


c  separated  from  it  only  by  lowlanda — 


e  necessary  to  bring  down  the  ri 
'   qiiut«B  t 


n  such  floods. 


Cherraponjie 
o  October,  the  sei 
BOQtli-weBt  monsooiui.  Computing  the  Capo  Horn  rains  ancording  [ 
to  the  ratio  given  by  King  and  Filzroy  fur  ibeir  41  dayti  of  | 
obeervBtioas,  we  should  have  a  mn-fall  in  Tjitagonitt  of  825 
"mcheB  in  214  days,  or  a,  yearly  amount  uf  1>J66.7  incbea. 
Hflither  the  Cape  Horn  rains,  nor  the  rains  anywhere  at  sea  on 
i  polar  side  of  45''  S.,  are  periodical.  They  are  continnoua  ; 
~piore  copious,  perhaps,  at  some  seasons  of  the  year  than  at 
othen,  but  abundant  at  all. 

828.  Infiuence of  highlandt  uj»n  prcdpilation.—  Now.  considering 
ihA  extent  o>'  water  surface  on  the  polar  side  of  the  Boath-ea«t 
tradc'wind  belt,  we  see  no  reason  why,  on  these  parallels,  the  i 
engirdling  air  of  thut  great  watery  eune  of  the  south  sliuuld  u 
entirely  around  the  earth,  be  as  heavily  charged  with  vapour  as  I 

a  that  which  dropped  this  flood  upon  the  IVtugonian  hills.    If  j 

I  mountains  had  not  been  tliere,  the  condensation  und  the   [ 

msequent  precipitation  would  probably  not  have  been  as  great, 

Muue  the  eondHiims  at  »ea  are  less  apt  to  produce  rain;  but  ibe   | 

qtiBiittly  of  vapour  in  the  air  would  have  been  none  the  1 

which  vapour  was  being  borne  in  the  channels  of  circulation    I 

tcwarda  the  anisrclic  regions  for  condensation  and  the  liberation    1 

f  its  latent  beat :  and  wo  make,  as  we  shall  proceed  to  si 

lolent  supposition,  if,  in  atlempting  to  explain  this  activity  uf   1 

elation  sontb  of  the  equator,  we  snppose  a  cloud  region,  with 
i  combination  of  conditions  in  the  antarctic  circle  peculiarly 
favourable  to  heavy  and  almost  incessant  precipitation.  Hut, 
before  describing  these  conditions,  let  us  turn  aside  to  inquire 
how  far  precipitation  in  the  supposed  cloud  region  of  the  south 
may  assist  in  giving  force  and  regularity  to  the  winds  of  the 
BOUthom  homisphere. 

829.  TkelalciU  heat  of  vapour. — If  we  take  a  measure,  as  a  cnbio 
foot,  of  ice  at  zero,  and  apply  heat  to  it  by  means  of  a  steady 
flame  that  will  give  off  heat  at  a  uniform  rate,  and  in  such  quan- 
(Jtiea  that  just  enough  heat  may  be  imparted  ,to  the  ice  to  raise 

t  temperature  1°  a  minute,  we  shall  find  thut  at  the  end  of    ' 
: '" 
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melt;  but  it  and  its'water,  the  heat  being  continued,  ■ 


main  at  32°  for  140 

water  at  ^2".     This  140°  of  heat,  which  ii 


>iigh  to  raise  i 
6  degree  from  any  point 
tent  m  the  process  of  li([nofiio- 
,nd  this  latent  heat  will  bocome 
than  ponderable  matter  can  be 
cubic  foot  of  ioe  baa  been  t 


lure  of  140  cubic  feet  of  i 
below  32^,  has  been  rendered  late 
tion.  Freeze  this  water  again,  i 
sensible  heat,  fur  heat  no  more 
ixnnihilated.  Ttut  if,  after  the 
verted  into  water  at  'S2°,  we  oontioue  the  uniform  supply  of  heat 
as  before  and  at  the  same  rate,  the  water  will,  at  the  expiration 
of  180  minutes  more,  reach  the  temperature  of  212* — the  boiUng- 
poiut — uad  at  ihia  temperature  it  will  remain  for  1030  minutes, 
notrnthslaading  the  t'ontinuous  eujiply  of  lieat  during  the  in- 
terval. At  tbi3  expiration  of  this  10^0  minutes  of  boiling  heat, 
the  last  drop  of  water  will  have  been  converted  into  sleam  ;  but 
the  temperature  of  the  steam  will  be  that  only  of  the  boiling 
water ;  thus,  in  the  evaporation  of  every  measure  of  water,  beat 
enough  is  rendered  latent  during  the  process  to  raise  the  tem- 
perature of  1030  aueh  measures  one  degree.  If  this  vapour  be 
now  eondciiHed,  tliis  latent  heat  will  be  set  free  and  become 
sensible  heat  again,  flence  we  perceive  that  every  rain-drop 
that  falls  from  the  sky  han,  in  its  process  of  condensation,  evolved 
heat  enough  to  raise  ono  degree  the  temperature  of  lOilO  rain- 
drops. But  if  instead  of  the  liquid  state,  as  niin,  it  cuiue  down 
in  ibe  solid  state,  as  bail  or  suow,  then  the  hunt  of  fluidity. 
amounting  to  enough  to  raise  the  temperature  of  140  additional 
drops  one  degree,  is  also  net  free. 

aao.  The  eaute  of  the  btnetfrovn  leealha-  off  Cape  Hom.—^l 
iiave  in  this  fact  a  clew  to  the  violent  wind  which  usually  » 
pauies  hnil-storms,  In  the  ball-storm  congi'Iatiou  takes  | 
immediately  after  oomluusatiou.  and  so  quickly  that  the  he»t 
evolved  during  the  two  prooesacs  may  be  considered  as  of  one 
evolution.  Consequently,  the  upper  air  has  its  teuiperatuni 
ruised  much  higher  than  could  lie  done  by  the  oondensiiig  onljT. 
•So  also  the  sturmB  which  have  made  l^'npe  Horn  famous  are  au 
doubt  owing,  in  a  great  measure,  to  this  heavy  Patjigoniitn  rain* 
fall  The  latent  heat  which  is  liberated  by  the  vapour  as  it  is 
cundennud  into  raiu  there,  has  the  effect  of  producing  a  great  in- 
tumeaceuca  in  the  air  of  the  upper  regions  round  about  theni 

■  Sctf  Eapy's  Pbll-j8.iplir  of  Sloim 
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rKicb  in  tnni  produces  cummotiou  in  the  air  lieluw.  But  tkis  is 
B.  Therefore  let  us  take  up  the  broken  thienil,  and 
Oppose,  mere4,v  for  illiistration,  such  a  rain-fall  as  King  and 
Pittroy  cnoonutered  in  Patagonia  to  have  tnken  place  under  the 
uppdsed  cloud  region  of  the  antarctic  circle,  aiid  to  have  been 
l&il  or  snow  instead  of  rain,  then  the  total  amount  of  caloric 
1st  free  among  the  cloudH.  in  those  41  days  of  such  a  flooil. 

mi^tt  Ui  raise  from  freezLng  to  boiling  six  and  a  half  times^ 
t  mnah  water  an  fell.     But  if  the  supposed  antarctic  precipil 
tiun  come  down  in  the  shape  of  rain,  then  the  heat  sot  fres^ 
Wuulil  be  suffiuient  only  to  raise  from  freezing  to  boiling  ahut 

1  mnch  water  as  tlie  flood  brought  down.  We  shall  have, 
terhaps,  a  better  idea  of  the  amount  of  heat  that  would  be  set 
e  la  the  condensation  and  congelation  in  the  antarctic  regions 
f  SH  much  vapour  as  it  took  to  make  the  Tatagnnian  rain-rail, 
,ry  the  illustration  by  supposing  this  rain-fall  of  153.75 
ihea  to  extend  over  an  area  of  1000  square  miles,  and  that  it 
bU  as  enow  or  hail.  The  latent  heat  «et  free  among  the  clottds 
luring  theoe  41  days  would  have  been  sufficient  to  raise  from  tb« 
g  to  the  boiling  point  all  the  water  in  a  lake  1000  equnra 
n  area  and  li'ii  feet  in  depth.  The  unknown  area  irf  the 
lintarctic  is  eight  millions  of  square  miles.  \Vn  now  pee  huw  tho 
»ld  ot  the  poles,  by  facilitating  precipitation,  is  made  to  react 
i  devekip  heal  to  expand  the  air,  and  give  force  to  the  windi 
8^1.  Office*  of  irtbcrgB  in  the  metenroUxjiad  maeJiinery.  —  Thus 
*€  obtain  another  point  of  view  from  which  we  may  conlemplate^ 
^  a  new  mtpect,  the  icebergs  which  the  antarotiu  regions  send 
Jbrth  in  such  moHses  and  numbers.  They  are  a  part  of  th«| 
taeteorological  machinery  of  our  plitnet.  The  offieca  which  tiiejj 
Kufumi  an  such  are  moiit  important,  and  oh,  how  exqiiisiter 
"bile  they  are  in  the  process  of  congelation  the  heat  of  fluidity 
I  aet  free,  which,  whether  it  be  liberated  by  the  freezing  of 
vt«r  at  tbi;  surface  of  the  earth,  or  of  the  raindrop  in  the  nky, 
alps  in  either  case  to  give  activity  and  energy  to  the  suuthem 
prtem  of  circulation  by  wanning  and  expanding  the 
Im«  of  oecent  Thus  the  water,  which  by  parl.ing  with  its  heat 
f  Ihjtia faction,  baa  expended  its  meteorological  energy  in  giving 
tyiainioal  force  lo  the  air,  is  like  the  exhausted  steam  of  tlui 
n^poe:  it  hiu>  exerted  its  power  and  become  inert.  iL  is, 
lionfbrft,  til  be  got  out  of  tbu  way.  In  the  grand  meteorological 
ginQ  which  drives  thn  wind  through  biK  circuits,  and  tcmpomi 
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it  to  beast,  bird,  aud  plant,  thia  wasle  water  is  collected  into 
antaiotic  icebergs,  and  borne  away  by  the  currents  to  more 
geoial  climes,  whore  the  latent  beat  of  fluidity  which  they  din- 
penaed  tu  the  air  in  the  &igid  zone  is  restored,  and  where  they 
are  again  resolved  into  water,  which,  approaching  the  torrid  zone 
in  cooling  atreama,  again  joins  in  the  work  aud  helps  to  cool  the 
air  of  the  trade-wiuda,  to  mitigate  climate,  and  muderute  the 
gale.  For,  if  the  water  of  southern  seas  were  warmer,  evapora- 
tion would  be  greater;  then  tlie  S.E.  trade-winds  would  deljvijr 
vapour  more  abundantly  to  the  equatorial  calm  bolts ;  this  would 
uioke  precipitation  there  more  copious,  and  the  additional  quan- 
tity of  heat  set  fiee  would  give  additional  velocity  to  the  in- 
rushing  trade  winds.  Thus  it  is,  ns  has  already  been  Ktat«d. 
that,  parallel  for  pamltel,  between  40°  or  50°  north  and  south, 
trans-equatorial  seas  are  cooler  than  cis-equatorial ;  thus  it  is  that 
icebergs  are  employed  to  push  forward  the  winds  in  the  polar 
regions,  to  hold  them  back  in  the  equatorial ;  and  thus  it  is  that, 
in  contemplating  the  machinery  of  the  air,  we  perceive  how  ioe- 
liorgs  are  "coupled  on,"  and  mode  to  perform  the  work  of 
regulator,  with  adjustments  the  most  beautiful,  and  compeusft- 
tious  the  most  exquisite,  in  the  grand  machinery  of  tho  atmo- 

832.  The  antarctic  calm  place  a  TC-jion  of  contlant  precipitcawa.— 
V\'ith  this  illustration  concerning  the  dynamical  force  which  the 
winds  derive,  from  the  vapour  taken  up  in  one  climate  and  tiuns- 
ported  to  another,  we  may  pixHseed  to  skolch  those  phynoal 
features  which,  being  found  in  tha  aulorotio  circle,  would  bs 
most  favourable  to  heavy  and  coustAnt  preoipitation.  and.  conse- 
quently, to  the  development  of  a  system  of  aerial  circulation 
pecidiarly  active,  vigorous,  and  regular  for  the  aqueous  hemi- 
liphero,  as  the  southern  in  contrast  with  the  northei'U  one  may 
be  called.  Those  vapour-bearing  winds  which  brought  the  raina 
to  I'utugonia  are —  1  wish  to  keep  this  fact  in  the  reader's  roind 
—the  counter-trades  (I  257)  of  the  soulheni  hemisphere.  Aa 
Kuch  they  have  to  perform  their  round  in  the  grand  syHicm  of 
aerial  circulation,  and  as,  in  every  system  of  aerial  circulation 
there  must  bo  some  point  or  plai:G  at  which  motion  ceases  tu  b« 
direct  and  commences  to  he  retrograde,  so  there  must  be  a  plitoe 
somewhere  on  the  suiface  of  our  planet  wheie  thebe  winds  o«bm 
to  go  forward,  stop,  and  cnmmcnce  their  return  to  the  I 
and  tlial  place  u,  in  all  proMrUili/,  irilhin  the  anlarelic  regioiM,M 
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Kiiae  locality  has  not  been  determined,  but  I  suppose  it  to  be  & 

lad  or  disc— an  area — mtbin  the  polar  circle,  which,  could  it 

»  oxplorod,  would  be  found,  like  the  equatorial  calm  belt,  A 

J  of  light  airs  and  calms,  of  ascending  coliimius  uf  air, — ft 

^on  of  cloudti,  of  variable  winds,  and  constant  precipitation. 

i  B33.  Alto  of  a  low  harojiuler. —  But,  be  that  us  it  may,  the  air 

wUich  these  vapour-benring  winds — vapour-bearing  because  they 

blow  over  such  au  immense  tract  of  ocean  —  ponr  into  this 

Etopping-pluce  has  to  ascend  and  flow  off  as  an  upper  current,  to 

^nake  room  for  that  which  is  continually  flowing  in  below.     In 

ending  it  expands  and  grows  cool,  and.  as  it  grows  eool,  con- 

Bation  of  its  vapour  commeaces :  with  this,  vast  quantities  of 

Uent  heat,  which  converted  the  wat«r  out  at  sea  into  vapour  for 

a  winds,  are  sot  free  in  the  upper  air.     There  it  reacts  by 

witnniDg  the  ascending  columns,  causing  them  still  farther  to 

expand,  and  bo  to  rise  higher  and  higher,  while  the  barometer 

'  a  lower  and  lower.     This  rettsoning  is  Bu^ested  not  only  by 

9  facts  and  cireumstances  already  stated  as  well  known,  hut  it 

Brives  additional  plausibility  fur  oorreotneas  by  the  low  baro- 

leler  of  theee  regions.     In  the  eqnaturial  calm  belti!  the  mean 

rometric  pressure  is  about  0.25  inch  less  than  it  is  in  the 

"a-wtnds,  and  this  diminution  of  pressure  is  enough  to  create 

I  perpetual  influx  of  the  air  from  either  side,  and  to  produce  the 

rade-windB.     Off  Cape  Horn  the  mean  barometric  preHsiire  *  la 

0.75  inch  lees  than  in  the  trode-wind  regions.     This  is  for  the 

parallel  say  of  57"— 8"  S.     According  to  the  mean  of  2,472  baro- 

tnotrio  observations  made  along  that  part  only  of  the  route  to 

^.Aastralia  whibh  lies  between  the  meridians  of  the  Cape  of  Good 

Hope  and  Melbourne,  the  mean  baromelrio  pressnro  on  the  polar 

■Ids  of  42°  S.  has  been  shown  by  Lieutenant  Van  Gough,  of  the 

ittch  Navy,  to  bo  0.33  inch  less  than  it  is  in  the  trade-winds. 

»  mean  pressure  in  this  part  of  the  South  Tndian  Ocean  is, 

uder  winds  with  eikstiug  in  them,  29.8  inches:  ditto,  under 

inda  with  weeting,  29.6  inches.     I'late  I.  shows  a  supposed 

n  pressure  in  the  polar  oalms  of  nut  mure  than  2S.75  inches. 

>  barometric  curve,  page  4()8,  dhows  with  a  higher  degree  of 

robability  that  the  mean  pressure  there  is  about  28.14  inehsH. 

834,  ^jKMU*  rapoBT  the  cattte  of  holh.—'Vo  what,  if  not  to  the 
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efibctvj  of  the  condensation  of  vapour  borne  by  thoae  enrclurgeil 
winds,  and  to  the  iuimcnse  precipilAtion  in  tlio  austrni  regions, 
shull  we  ascribe  this  diminution  of  the  atmospherical  presniire  in 
high  south  latitudes?  It  is  not  so  in  high  north  latittides, 
exoHpt  about  the  Aleutian  Islauds  of  the  Pacific,  where  the  eea 
to  windward  is  also  wide,  and  where  precipitation  is  frequent, 
but  not  80  heavy.  The  steady  flow  of  "  brave  "  winds  towards 
the  south  would  seem  to  call  for  a  combination  of  pi'ysioal  con- 
ditions about  their  stopping-place  iu  the  antarctic  region*, 
exceedingly  favourable  to  rapid,  and  heavy,  and  oonutant  pn- 
cipitation  there.  The  rain-fall  at  (.'herraponjie  and  on  the  slope* 
of  the  Patagonian  Andes  reminds  us  what  those  conditions  are. 
There  mountain  masses  seem  to  perform  iu  the  climnbers  of  \he 
upper  air  the  office  which  the  jot  of  cold  water  does  fur  tho 
exhausted  steam  in  the  condenser  of  the  engine.  The  preaencn 
of  land,  not  water,  about  this  south  polar  stopping- pi  ace  is  tiiero- 
foro  suggested ;  fi:>r  the  sea  is  not  mo  favourable  as  the  moimtatn* 
are  for  aqueous  condensation. 

835.  Tlie  topographical  featnret  of  the  antarctic  bimdi.—Gy  the 
Icrms  in  which  our  proposition  has  been  stated,  and  by  Um 
manner  in  which  the  deiuoustnition  haH  been  conducted,  tbt 
presence  in  the  antarctic  regions  of  land  in  large  mn^sos  is  calM 
for :  and  if  we  imagine  this  land  lo  be  relieved  by  high  tnoon- 
lains  and  lofty  peaks,  wo  shall  have  in  the  anlarctie  continent  a 
most  active  and  powerful  condenser.  If,  ^aln,  we  tax  imagina- 
tion a  little  farther,  we  may,  without  transcending  the  liioits  of 
legitimsto  speculation,  invest  that  nuexplored  land  witil 
numerous  and  active  volcanoes.  If  we  suppose  this  also  to  he 
the  case,  then  we  certainly  sball  be  at  no  lose  for  sourota  of 
dj-namical  force  sufficient  to  give  that  freshness  and  vigour  to 
the  atmospherical  circulations  which  observations  have  abun- 
duntly  ahown  to  be  peculiar  to .  the  southern  hemisphere 
Neitber  under  such  physical  aspects  need  it  be  any  longer  con- 
sidered paradoxical  to  ascribe  the  polar  tendency  of  tbo  "  brave 
west  winds"  to  rarefaction  by  beat  in  the  antaroUo  circle.  This 
beat  is  relative,  and  though  it  be  imparted  to  air  far  below  tli< 
fj-eeeing-point,  raising  its  temperature  only  a  few  degT«CB,  it« 
expansive  power  for  that  change  is  as  great  when  thoeo  few 
degrees  are  l.jw  down  as  it  is  when  they  are  high  up  on  ih* 
scale.  If  KRcb  condensation  of  vupour  do  take  placo,  tlu-» 
liberation  of  heat  and  expnusion  of  nir  muel  follow,  and  coii- 
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seqnent];'  the  oblateness  of  the  atmriBphericiU  covering  of  our 
planet  will  be  altered;  the  flattening  about  tbe  poles  will  be 
relieved  by  tlie  intnmeBcence  of  the  expanded  and  ascend ing  air. 
wbiob.  protruding  above  the  general  level  of  the  aerial  ocean, 
will  receive  an  impulse  equatorially,  as  well  from  the  mere  de- 
langemeat  of  equilibrinm  as  from  the  centrifugal  forces  of  the 
revoWng  globe.  And  bo  this  air,  buying  parted  vrith  its 
moiHtnre,  and  having  received  the  expansive  force  of  all  ihe 
latent  beat  evolved  in  the  process  of  vaporous  condensation,  will 
commence  its  return  towards  the  equator  us  an  upper  oarrent  of 

836.  A  perpetual  ei/done. — Arrived  at  this  point  of  tbe  investi- 
gation, we  may  contemplate  the  whole  system  of  these  "  brave 
west  wind«  "  in  the  light  of  an  everlasting  cyclone  on  a  gigantic 
fCaXe.  The  antarctic  continent  is  in  its  vortoi,  about  which  the 
wind,  in  the  great  atmoBpherical  ocean  all  around  the  world, 
frota  the  pole  to  the  edge  of  the  calm  belt  of  Capricorn,  is  re- 

;  in  spiral  curves,  continually  going  with  the  bands  of  a 
and  twisting  from  left  to  right. 

837.  Diaeovery  of  deaign  in  the  meUordogical  maehinery. — In 
studying  the  workings  of  the  varions  parts  of  the  physical 
miichiaery  that  surrounds  our  planet,  it  ia  always  refreshing 
and  profitable  to  detect,  even  by  glimmerings  never  so  taint, 
the  slightest  tracings  of  the  purpose  which  the  Omnipotent 
Architect  of  the  universe  designed  to  accomplish  by  any 
|.iarticnlar  arrangement  among  its  various  parts.  Thus  it  is 
in  this  instance :  whether  the  train  of  reasoning  which  wo 
have  been  endeavouring  to  follow  np,  or  whether  the  argu- 
ments which  we  havo  lieen  adducing  to  sustain  it  be  entirely 
correct  or  not,  we  may,  from  all  the  facts  and  circumstAnces 
that  wo  have  passed  in  review,  find  reasons  sufBcieut  for  regard- 
ing in  an  instructive,  if  not  in  a  new  light,  that  vast  waste  of 
waters  which  snTTOunds  the  unexplored  regions  of  the  antarctin 
circle.     It  is  a  reservoir  of  dynamical  force  for  the  winds — a  ro 

the  grand  meteorological  machinery  of  the  earth.  The 
which  is  transported  by  the  vapours  with  which  that  sea 
its  snperinoumbent  air  is  the  chief  source  of  tho  motive 
power  which  gives  to  the  winds  of  the  southern  hemisphere,  as 
they  move  through  their  channels  of  circulation,  their  high  speed, 
great  regularity,  and  consistonoy  of  volume,  And  this  insight 
into  the  workings  of  the  wonderful  machinery  of  sea  and  air  we 
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obtain  from  comparing  together  the  relative  speed  of  vee^ola  a/t 
they  sail  to  and  fro  iipoit  intertropiuul  seiui ! 

836.  IndicaHon*  vthich  the  aind*  afford  eoneemtng  the  unacplared 
reghm  of  the  sooth. — Such  is  the  picture  which,  after  no  little 
labour,  much  research,  and  some  thought,  the  winds  have  eoabled 
us  to  draw  of  certain  unexplored  [xirtions  of  our  pl&net.  Aa  we 
have  drawn  the  picture,  so,  from  the  woriings  of  the  melooivlo- 
gieal  maohiiieiy  of  the  southern  hemisphere,  we  judge  it  to  be. 
The  evidence  which  lias  been  introduced  in  meteorological  in  its 
nature,  circumstantial  in  ite  character,  wo  admit;  but  it  shows 
the  idea  of  land  in  the  antarctic  regions — of  much  land,  and  high 
land — to  be  plausible  at  least.  Not  only  so  :  it  suggeatH  that  a 
group  of  active  volcanoes  there  would  by  no  means  be  inoon- 
sifltent  with  the  meteoi-ological  phenomena  which  we  have  been 
investigating.  True,  volcunoes  in  such  a,  place  may  not  be  a 
meteorologioal  neceKsity.  We  cannot  sny  ihut  they  are ;  yet  the 
force  and  regularity  of  the  winds  remind  «a  that  thuir  presenoo 
there  would  not  ho  inconeistent  with  known  laws.  Aeeordiag 
to  these  laws,  we  may  as  well  ijuagina  the  aJitarotiu  circle  to  en- 
composM  land  as  to  encompass  water.  Wo  know,  ocularly,  but 
little  more  of  its  topographical  features  than  we  do  of  thoaa  ot 
one  of  the  planets;  but,  if  thej-  bo  continental,  we  surely  may, 
without  any  unwanantable  strotch  of  the  imagination,  relieve 
the  fnoa  of  nature  there  with  snow-clad  mountains,  and  dlversiiy 
the  landscaiw  wilh  flaming  volcanoes.  None  of  these  femtam 
are  inconsistent  with  the  phenomena  displayed  by  the  wiuda. 
Let  us  apply  to  other  departments  of  physics,  and  seek  testimony 
from  otlier  soiitooh  of  information.  None  of  tlio  evidence  to  be 
gathered  there  wiU  ajipeiir  contradictory — it  is  rather  in  corrobo* 
ration.  Southern  explorers,  ax  for  as  they  have  penetrated 
within  the  antarotio  circle,  t«tl  us  of  high  lauds  and  niutmtains 
of  ioe ;  and  Soss,  who  went  farthest  uf  ull,  aaw  volcanoes  burning 
in  the  distnnce. 

8.S9.  neir  exlenl ;  Plale  i'/F.— The  uneiplored  ovfa  around 
the  south  polo  is  about  twice  as  lai^e  as  Eurojje.  Thin  nntA- 
veiled  region  is  circular  in  shape,  the  circuniferonce  nf  whi<A 
does  n^ft  measure  less  than  7000  miles.  Its  edgeu  have  b«en 
penetrated  here  and  there,  and  land,  whenever  eeeu,  has  bom 
high  and  rugged.  I'lato  XIV.  shows  the  utmost  roach  of  nnlaiv. 
esploration.  The  unexplored  area  there  is  qniie  equal  I 
that  of  our  entire  frigid  7one,     Navigators  on  the  voj-ngo  fi 
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the  (Inpo  of  Good  Hupe  lu  ftlelbourne.  luid  fiiiiii  Melbourne  to 
Cupe  Horn,  §curcely  ever  Tsutnre,  except  while  passing  Cape 
Horn,  to  go  on  tUe  puUr  side  of  fio"  S.  The  I'ear  of  icebei^ 
deters  thew.  These  may  b«  seen  there  drifting  up  towards  the 
oqimt(ir  in  large  number!)  and  lai-ge  musBex  all  the  year  muud. 
I  have  encountered  them  myself  as  high  up  as  the  parallel  of 
'■^7" — 8"  S,  The  belt  of  ocean  that  encirclcB  thin  globe  on  the 
polar  side  of  55'  S.  ia  neTer  free  from  icebergs.  They  ai-e  found 
in  ittl  parts  of  it  the  year  round.  Many  of  them  are  roiies  in 
extent  uml  hundreds  of  feet  thick.  The  areii  oti  the  polar  side 
r^ef  the  55th  parallel  of  south  latitude  comprehenda  a  space  of 
1,784,000  square  utiles.  The  nursery  for  the  bergs,  to  fill  such 
leld,  niiiHt  be  an  immense  one  ;  such  a  nursery  cannot  bo  <iu 
ihe  sea,  for  icebergs  require  to  bo  fastened  firmly  to  the  ahore 
uutil  they  attain  full  sigse.  I'hey  therefore,  in  their  mute  way, 
are  loud  with  evidenoe  in  favour  of  antartic  shore  lines  of  great 
extent,  of  deep  bays  where  thoy  may  be  formed,  and  of  lofty 
clifia  whence  they  may  be  launched. 

840.  A    phyiue(d    h-ie  concerning  ih»  dielribniioti    of  land  ami 

uaier, — There  is  another  phyMJcal  ciroumstanco  which  obtaiaB 

HMEensTaUy  with  regard  to  the  distribution  of  laud  and  water  over 

HHpa  BUrfiuie  of  the  earth,  and  which,  as  far  as  it  goes,  seems  to 

HjHiniir  the  hypothesis  of  much  land  about  the  south  pole  :  and 

H  4hMt  circumstance  is  this :  It  aeeins  to  be  a  physical  necessity 

that  land  should  not  bo  antipodal  ta  land.     Except  a  small  por* 

tion  of  South  America  and  Asia,  land  ia  always  opposite  to  wat«r, 

Ur.   Gardner  has  called   atlention   to  the  fact  that  oiily  one 

Itwenty-sevMith  part  of  the  land  is  antiiiodal  to  land.     Tbe  belief 

^if  that  on  the  polar  aide  of  70°  north  we  have  mostly  water,  not 

This  Iaw  of  distribution,  so  far  as  it  applies,  ia  in  favour 

I  the  opposite  zone.     Finally,  gec^rniphors  are  screed 

,  irrespective    of  the  particularized  facts  and  phenomena 

e  been  considering,  the  probabilities  are  in  favour 

b  antarctic  continent  rather  than  of  un  antarctic  ocean. 

|B41.  Dr.  Jitek. — ■■  There  is  now  no  doubt,"  *iys  Dr.  Jilek,  in 

^  litihrbueb  der  Oceanographie.  "  that  around  the  south  pole 

)  extended  a  gruet  continent  mainly  witliin  tlie  polar 

rcle,  since,  ulthough  we  do  not  know  it  in  its  whole  exl«nt,  yoC 

the  portions  with   which   we   have  become  acquainte<l,  and  the 

inveMtigations  made,  fiimuih  Bufficient  evjdeiioos  to  infer  the 

3  of  iuch  with  certainly.     This  southern  or  antarctie 
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coutineiit  odvauceH  farthetit  norihward  in  a  peninaula  S.S.E.  of 
the  suutheni  end  ol'  America,  reaching  in  Trinity  Land  almost  to 
^2'  Eoui.h  l)Ltitudo.  Oatwardly  tfae^e  lands  exliibit  a  naked, 
rocky,  partly  volcuuic  do^ert,  with  high  rocks  dc&titute  of  vege- 
lation,  alw.tys  covered  with  ice  and  buow,  and  eo  ciurrounded 
with  ice  that  it  ia  difficult  or  impossible  to  examine  the  coast 
very  closely.  •  •  • 

842.  Antarclie  ex^editiona. — "  The  prinoipal  diecovererB  of 
tliese  coasts  are  (Wilkee),  D'Urville,  and  Ross  (the  younger),  of 
whom  ihelatiur,  in  1842,  followed  a  ooaet  otot  HJOinileB  between 
72"  and  79°  Bouth  latitude,  and  IGO"  and  170'^  east  longitude,  io 
whicli  he  gave  the  name  Vietoria  Land,  and  on  whioli  he  dis. 
covered  a  volatno  (Erebus)  10,200  feet  high  in  l(i7^  east  longi- 
tude and  77"  south  latitude,  as  well  as  another  extinct  one 
(Teri'or)  10,200  feet  high,  and  then  discovered  the  mognetb 
south  pole."  • 
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S  860-880. — THE  iSTAKCTIC  Rf»I0N8  AND  THEIR  CI.1BIAT01.00T. 

850.  Jndicaliotu  of  a  mild  climate  abvul  the  soufh  pide. — During 
oar  inveatigatious  of  the  winds  and  currents,  facts  aed  ciroum- 
stauces  have  been  revealed  which  indicate  the  existence  of  a  mild 
climate — mild  by  comparison — within  the  antarctic  circle.  Theee 
indications  plead  moat  eloquently  the  course  of  exploration  there. 
The  lactH  and  circumstaDces  which  suggest  mildness  of  climate 
about  the  south  pule  are  these :  a  low  barometer,  a  high  degree  of 
aerial  rarefaction,  and  strong  winds  from  the  north. 

851.  Tlie  glory  of  the  teinds. — The  winds  were  the  first  tc  whisper 
of  this  strange  state  of  things,  and  to  intimate  to  ua  that  the 
antArctio  climates  are  in  winter  very  unlike  the  arotiu  for  rigovr 
and  severity.  In  dividing  the  sea  into  wind-bands  (S  652)  or 
longitudinal  belts  5^  of  latitude  broad  each,  I  excluded  fivm 
the  lable  on  the  next  page,  observations  from  those  \twte  of 
the  sea,  such  as  the  North  Indian  Ocean,  the  Chioa  Sea,  sail 
others  where  monsoons  prevaiL  The  object  of  thia  exclusion  ww 
to  inve«tigalfl  the  general  mi^veineuta  of  the  atmuephere,  heooe 
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kproprietj'  of  excluding  all  regions  which  are  known  to  pre- 
t  exceptional  caaes  to  the  general  law.  The  grouping  wae  not 
ried  beyond  lat.  60'  north  and  8Duth,  for  the  lack  of  obtierva- 
tiona  on  the  polar  aids  of  those  parallels.  The  number  of  obser- 
vations thiia  becoming  available  was  1,159,353.  These  were 
then  divided  aimply  into  two  cIiiSRes  for  each  bnlt,  viz,^  polar 
winds*  and  equatorial  winds.  They  were  then  reduced  to  terms 
of  a  year,  and  the  average  prevalence  of  each  wind  in  days  de- 
duced therefrom,  an  per  Plate  XV.,  and  the  following  tabic  : — 
^^H  PolaT  and  EqiuUuritd  Wiadi. 
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852.  The  null  belle. — I'bis  piste  and  table   reveal   a  marked 
difference  in   the  atmospherical  movemenia  north,  as  compared 

Kthe  atmospherical  movements  south  of  the  equator.  The 
torial  winds  of  the  northern  hemisphere  are  in  ciceea  only 
eon  the  parallels  of  10'  and  30";  i.  e,,  they  arc  the  dominant 
a  over  a  zone  20^  of  lat.  in  breadth,  while  the  equatorial 
■M  of  the  aouthern  hemispliere  hold  the  maatery  from  35°  S. 
f  N. ;  t.  e.,  they  are  the  dominant  winds  over  a  zone  45'  ol 
n  breadth,  while  the  others  cover  a  space  not  half  eo  broad. 
table,  moreover,  shows  the  debatable  ground  between  the 
winds,  or  what  may  be  called  the  null  bell,  in  this  general  move- 
ment from  poles  towards  the  equator,  and  from  equator  towardn 
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ihe  pales,  is,  in  (he  notlbbi-n  hem^spbere,  betweeu  the  parallels 
■if  25°  and  5U^-  In  the  Eouthem  the  fiold  bf  battle  ih  narrowed 
ilowii  to  a  single  belt  (between  35"  and  40°) ;  here  the  two  winds 
esaotly  counteibalance  each  other.  As  the  seaman  pruoeed*  from 
this  medial  belt,  the  winds  increase  belt  for  belt  very  nearly  pori 
poMu;  on  the  polar  side,  the  polar  winds — on  the  eqtiatorial. 
the  equatorial  winds,  gaining  loore  and  more  in  dajk's  of  anniial 
dnration,  aud  more  *ind  more  in  average  velocity  each. 

85a.  Exteiii  of  the  polar  indraaght.—The  fact  that  tJie  ittfiiience 
of  the  polar  indraught  u})on  the  winds  should  extend  from  tlio 
antarctic  to  the  parallel  of  40°  8.,  while  that  from  the  arctic  ia  80 
feeble  as  scarcely  lo  be  felt  in  50°  N.,  is  indicative  enough  as  to 
differeni-e  in  degree  of  aerial  rarefaction  over  the  two  regiona. 
The  significanoe  of  this  faot  ia  enhanced  by  the  "  brave  west 
winds,"  which,  being  houod  to  the  place  of  greatest  narefaetioB, 
msb  more  violently  and  constantly  along  to  their  destination 
tlian  do  the  counter-trades  of  the  northern  hemisphere.  Why 
nhijuld  these  polar-bound  winds  of  the  two  hemispheres  differ  so 
much  in  strength  and  prevalence,  unless  there  be  a  much  more 
abundant  supply  of  caloric,  aud.  consequently,  a  higher  degree  of 
rarefaction,  at  one  pole  than  the  other? 

864.  The  rarr/aclian  nf  the  air  over  polar  regions. — Tn  the 
southern  liemisphcre — and  our  attention  is  now  directed  ezcln- 
sivety  to  thut^— the  jioliir  winds  on  the  south  side  of  40^  are  veiy 
much  stronger  than  are  the  equatorial  winds  on  the  north  side  of 
'■ih°  :  a  fact  indicative  of  a  greater  degree  of  rarcfticti<m  about 
plaac  of  polar  calms  than  wo  have  in  the  eijiiatorial  calm  bell 

855.  Itaromeiriral  t^eerraliaru. — That  such  ia  the  case  is 
suggested  by  the  fact  that  the  indraught  into  the  antarttio 
place  is  fBlt'(g  854)  at  the  distance  of  50"  from  the  pole  all  r 
while  the  equatorial  indraught  is  felt  no  farlber  than  35*^  from 
the  equator ;  and  that  such  ia  the  case  is  priived  by  the  barometer, 
lieutenant  Andrau,  of  the  Meteorological  lustitnte  of  Utrecht, 
has  furnished  ua  from  the  Dutch  logs  with  83,334  ubservatioiu 
on  the  height  of  the  barometer  between  the  parallels  of  SO^If. 
and  3G°  S.  at  soa.  Lieutenants  Warley  and  Young  have  extracted 
from  the  It^-hooks  in  the  Washington  Observatorj",  takeu  at 
random,  6,945  observations  on  the  barometer  south  of  th« 
parallels  of  40°  at  sea.  Ih.  Kaiio  hoH  tiimished  us  with  the  meaa 
height  of  the  barometer  in  Ut.  7S°  ST  K,  accordieg  to  12,000 
hourly  obscivations  made  during  his  imprisonment  of  IT  months 
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K-lheioe  there.  The  annaU  of  Greenwich  at  ijt.  PeierHl)iU'ggive 
uean  height  of  tlie  barometer  in  lat,  51°  29'  N,,  ucoording 
D  three  yeara'  observations,  and  in  Jat.  5!>°  51'  K.,  according  to 
b  yeare  of  obeorvation.     Such  ai'e  the  soutcob  of  the  table. 
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,  The  lov>  atitlral  fcarometer.— Captain  Wilkes,  U.  S,  N.,  and 

ferke  Rosa,  H.S.,  buth,  during  their  expeditionB  to  the  South 

i:)!)-4I,  had  occasion  to  reniait  upon  the  apparent  defi- 

ncy    of  atmosphere  oi'er  the   eitra-t.ropical   regions  of   the 

a  hemisphere ;  and  the  low  barometer  off  Cape  Horn  Had 

i  the  attention  of  navigators  at  an  early  day.    I  observed 

^in  1831  wlien  doubling  the  fape  as  master  of  the  U.SjS.  "  Fal- 

■  and  wrote  a  paper  on  it,  which  was  puhlished  in  the 

riean  Journal  of  Science  in  1SII3-4.     The  more   abundant 

iala  which  the  alwtract  logs  biuce  placed  within  my  reach 

e  enabled  me  to  go  more  fully  into  thia  eiibjec't  than  it  was 

■nbiA  to  do  while  1  waH  craising  in  (he  I'acifio  more  than  a 

if  a  oentuiy  agri.     To  asoertaiu  whether  these  "  haromBtrie 

■"BBBWioiiW,"  as  Ihoy  are  called,  are  peculiar  to  (he  regions  about 

Cape  Horn,  or  whether   they  aie   cojnraon   to   high  auatheru 

latitudes  in  ail  limgiHideB,  the  observationa   about  Cape  Horn 

e  ormngtd  in  ono  group;  those  between  20^  W.  and  140°  E, 
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in  another ;  and  tiiooe  between  140"  E,  aod  80°  W.  in  another, 
with  the  fallowing  results ; — {TLey  are  all  on.  the  polar  side  of 
lat.  40"  S.)  t^M 
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857.  Dmcwwiot   o/  (Aserpoiion*, — The    iiiBtruments    used    )^^ 

these  obaervationa  were  for  the  most  part  the  old-fashioned 
marine  barometer,  to  which  no  corrections  have  been  applied. 
The  diBcrepancicfl  of  this  table  evidently  ariiic  from  thu  l&ck  of 
niimlier  8iiffli;iont  to  mask  these  sources  of  error,  or  from  the  in- 
fluence of  Ihe  land,  and  not  from  anj  diETerence  as  to  the  mean 
height  of  the  barometer  nlong  the  Hamo  parallels  at  tea  in  an;  one 
of  the  three  diviMions.  In  ihrH  discussion,  the  ohaervations  of 
each  gronp  and  every  bajid  were  arranged  according  to  the 
mouth.  These  monthly  tables  are  not  repeated  here,  but  they  do 
not  indio^ite  any  decided  change  in  the  barometric  prea^ure  ib 
high  southern  latitudes  according  to  the  season.  Tlie  barometer 
there  Btands  low  the  year  round. 

B.'iS.  Barimetric  eume  at  *«»,— Resorting  to  the  graphic  metliod 
and  using  the  table  (above)  for  the  purpose,  the  barometric  ci 
of  the  diagram  (Plate  XVI. J  lins  been  projected  from  polad 
pole, 

859.  Ditto  over  th«  fcwtd.— Professor  Schonw  has  give 
mean  height  of  the  barometer  for  ^2  places  on  the  land  between 
the  parallels  of  3.1"  S,  and  75"  30'  N.  They  atVord  materuU 
for  the  annexed  diagram,  und  show  the  exceptional  i 
of  the  moteoroliigical  influences  which  rule  on  shore  wl 


■ 

^Bared  wiih  those  wbioU  rule  at  sea.  There 

s  barely  a  rcsen 

1 

blance     ^H 

^f  over  tlio  laiid  aud  the  prohia  ot  it  (^nale 

XVI.)  OTer  the  sea.  so  different  are  these 

isflnenoQS.      The  irregularitiee  over  the 

land  are  chiefly  owing  to  the  difference  in 

the  amonnt  of  prLcipitation  at  one  station 

u  compared  with  the  amuunt  at  another. 

Those  ifllanda.  aa  the  Sandwich  and  Society. 

whioh  are  bo  situated  as  to  bring  down  a 

^Kko»vy  precipitation, seem  to  serve  aac/ii'm- 

^Kqn  to  tht  alttiosphere.     The  latent  beat 

^^^Aioh  18  liberated  by  the  vopour  they 

^■eonderwe  has  the  effect  of  bringing  down 

the  barometer,  and  of  causing,  during  the 

runy  season,  an  indraught  thitherward 

from  many  miles  at  sea.    Such  is  the  rare- 

bction  produced  by  ihe  liberation  of  thia 

heat,  that  it«  effects  are,   as   the   pilot 

1        cdwrta  show,  felt  and  confessed  by  the 

^^Hjnda  at  the  distance  out  to  sea  of  more 

^^Kftn  a  thousand  miles  frum  the  Sandwich 

:... 

-    1 

1 

^HUiere  eyblems  within  syHtem.     In  the 
^^HiMiBBippi  and  all  great  rivers,  the  general 
^Hntovement  of  the  walera,  notwithstanding 
^^Uie  eddies  and  the  whirlpools,  if^  down 
Btjeam  with  the  current      So  with  the 
atmosphere:  its  general  movements  arc 
indicated  |iy    observations    at    sea  ;    its 
eddies  and  whirlpools  are  created  by  the 
monntains,  and  ibe  blands,  and  other  in- 
equalities, which  obstruct  its  flow  in  the 
^^bKuIar  channels.     I'he  mean  reading  of 
^^Ki  barometer  when  the  rainy  aeason  in 
^^b3i*  IB  at  its  height  is  0*4  inch  less  than 
^^Kia  in  the  midst  of  the  dry. 

^^Bie  diagram  (Plate  XVI.^  shows  the  ob- 
^^Krvatioiu  in  the  southern  hemisphere  to 

11     " 

be  80  Booorda 

Dt,and  ^JM 

tWaOiL    QBOOR&PHT   OP   THE    SSA,    AND 

the  oui've  itself  en  regular,  tliat  we  feel  no  hesitation  nbout  pto- 
jecting  this  uiirve  into  the  unexplored  spaces  of  the  eouUt, 
and  aaserting,  with  all  the  holdnesB  fonHislent  with  the  Imo 
npirit  of  philosophical  dednetion.  that,  whether  the  actoa] 
boromelric  pressure  at  the  south  pole  bo  as  low  as  2P,14  or  not, 
it  is  nevonhtJiuix  very  much  lower  in  the  antarctic  than  in  the 
aratio  regioni. 

861.  The  qti€»lion  tthji  the  barometer  thmild  stnnd  lower  ahotil  lit 
tooth  Ihaa  the  nw/i  pole  considered. — Tlie  question  now  arises, 
Whence  this  unequal  distribution  of  atmosphere  hetweeu  the  two 
hemiaphereB.  and  why  should  the  raeun  height  of  tho  barometer 
in  cironuipolar  Ti<gi(in»  be  bo  mtich  let«  fur  the  austval  tliftn  for 
ti»6  boieul?  No  one,  it  is  Biibmitted.  will  attempt  to  account  for 
tJiiB  difference  by  reason  of  any  displacement  of  tho  geometrical 
centre  of  the  flarth  with  regard  to  its  ceutro  of  attmction,  in 
consequence  of  Ihe  great  continental  masses  of  the  northern 
hemisphere  ;  neither  can  it  be  ascribed  to  any  difference  in  the 
forces  of  gravitation  arising  from  the  oblatenesa  of  our  globe; 
neither  oan  it  bo  acwmnted  for  by  the  eflecle  of  diurnal  rotation 
after  tho  Ilulleyan  theory :  that  would  create  na  low  a  barometer 
at  one  pole  as  the  other.  The  air,  in  its  motioiiB  to  the  oast  and 
in  its  motions  to  the  west,  is  in  equipoise  between  the  pamllels 
of  35°  and  40°  N".,  2o^  and  30°  S.  There  is  near  each  pole  and 
about  tho  equator  a  place  of  permanently  low  barometer.  Tba 
uir  from  all  eidos  isconiinnully  Beeking  to  restore  tho  eqnilibrinin 
by  rushing  into  those  places  of  rarefaction  and  reduced  prowiu« ; 
consequently  there  ought  lo  be  between  each  pole  and  the  equator 
a  place  of  high  barometer  from  which  the  air  on  one  side  flows 
twwrarda  the  equator,  on  the  other  towards  the  pole.  Obserration 
(p.  455)  shows  thia  high  place  to  be  between  the  parallels  of  26* 
and  40"  in  the  north,  and  of  20°  and  90°  in  the  soiithern  hemi- 
aphere  ;  thus  the  barometer  as  well  as  tho  winds,  Plate  XV.,  are 
both  indicative  of  a  greater  degree  of  rarefaction  about  the  south 
than  about  the  north  pole.  Were  there  no  friction,  and  were  d)B 
atmosphere  ordained  to  move  without  rasistascc,  the  air  from 
these  null  belU  wonld  carry  with  it  to  Ihe  polar  calms  the  easterly 
motion  which  it  had  acquired  from  the  earth  in  it«  motion  aroun) 
its  axis  at  these  null  belts.  Were  this  motion  so  impressed,  Um 
wind  wonld  nrrivo,  rushing  with  an  hourly  velocity  about  the 
polar  calm  phiues  of  700  miles  in  the  arctic,  and  800  in  t'^ 
antnrotie.      Such   a  velocity  would  impart  a  centrifugal  t 
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Iient  to  keep  the  air  away  fn>m  the  poles  aii<I  pruducti  almobt 
<uuni  tliere.     la  this  elate  of  iliingH,  the  mute  air  would 
_w_,.aiio  to  retolvo  about  tlio  pules  were  not  some  other  agent, 
Anch  a«  heat,  brought  in  to  exjwiid  ftud  ilrivo  it  away.     Being 
i-'xpaniled  and  puffed  ont  above  the  general  atmospherical  level. 
Iiiit  retaining  iM  velocity — fur  tho  eupixisition  ia  that  it  moves 
without  friction — and  retumiog  through  the  Tipper  redone,  it 
would  flow  back  as  it  went,  viz.,  as  a  westerly  wind,  and  arrive 
at  its  null  belt  in  the  direction  of  the  meridian.     But  Ihu  wind 
hat  friction,  and  is  resisted  in  every  moveraent ;  the  atmosphere 
;<:irtakeH  of  the  epheroidaJ  form,  which  has  been  impressed  npun 
the  earth  itself  hy  i\a  usial  rotation.     That  form  is  Iji  it  the  form 
uf  Blahility.     The  wnt«r  at  the  pole  is  about  13  mile«  neai'or  to 
the  centre  of  the  earlh  than  the  water  at  the  equator ;  hut  there 
ia  nut  on  that  aoeuunt  any  temloncy  in  the  sea  to  flow  batik  from 
the  equator  towards  the  poles;  neither  is  lhei«  any  tendency  tn 
motion  one  way  or  the  other  in.  the  atmoKpherli»l  ocean  by 
^UBttoa  of  the  ohlateneGs  of  its  surlace.     To  prclduoe  the  polar  and 
^^■HMtonal  movements  of  the  air,  there  must  be  an  agent  both  at 
HPh  equator  and  the  poles  to  prevent  such  nlahility  by  constantly 
disturbing  equilibrium  theix>,  and  that  agent  is  heat ;  therefore, 
whatever  be  the  degree  uf  depression  due  the  polar  barometer  in 
couaeiiueiice  uf  uxial  rotation,  such  depression  could,  of  itcelf. 
.    jirodnce  neither  trade  nor  counter-trade  wind;  it  could  no  more 
^^j^lodtice  currents  in  the  air  than  in  the  sea,  nor  oouid  axial  rota- 
^^Bki  produce  a  high  barometer  at  one  pole,  a  low  barometer  at 
^^PB  other;  consequently,  the  difference  in  the  prei>snre  of  tho 
^^booephere  about  the  two  poles,  as  c howu  by  the  diagiam  (I'late 
^HpU.),  cannot  he  ascribed  to  the  influence  of  axial  rotation.     It 
Blfc  doubtless  due  to  the  excess  in  antarctic  regions  of  aqueous 
"  tftponr  and  iU  latent  heat. 

8B2,  Ptgchromttrg  o/pokir  windt. — The  arctic  circle  lies  chiefly 
on  the  land,  the  antarctic  on  tho  wiiler.  As  the  winds  enter  one. 
they  are  loaded  with  vapour  ;  but  on  their  way  to  the  other  they 
*~  A  dosioCfited  (S  826),  Korthcrn  niounlains  and  Uie  hillH  wring 
I  Ihetn  water  for  the  great  rivers  of  Siberia  and  Arctio 
.  These  winds,  then,  sweup  ooniparatively  dry  air  acroxs 
t  kTCtio  circle:  and  when  they  arrive  at  the  calm  disc— the 
S  of  nacent  there — the  vapour  which  is  cjindensed  in  the  act 
mdiug  doEB  not  liberalu  heat  enough  to  produce  a  rarefac- 
I  Buffioient  to  call  forth  a  decided  indraught  from  a  greater 
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distance  in  the  Burrminding  regions  than  40'^  (§852)^2400  miles; 
and  the  rarofaction  being  not  eo  great,  the  barometer  is  not  bo 
low  there  as  in  anlarctic  regions.* 

863.  Aerial  rarefaction  ahoal  the  north  pole. — Nevertheless,  then 
ia  rarefaction  in  the  arctic  regions.  The  winds  show  it,  the 
barometer  attests  it,  and  the  fact  ie  conei»t«nt  witli  the  Rnasian 
theory  of  a  poI_vnia  in  polar  waters.  The  presenco  within  the 
arctic  circle  of  a  coneiderable  body  of  comparatively  warm  wat«r, 
which  ohseri'fttion  has  detected  going  inti)  it  as  an  under  current 
— which  indnction  Hhows  must  rise  up  and  flow  out  ue  a  anrface 
current — would  give  forth  vapour  most  freely.  TIiib  vapour, 
being  lighter  than  air,  displaces  a  certain  quantity  of  atmo- 
sphere. Rising  up  and  being  condensed,  it  libemles  its  latent 
heat  in  the  cloud  region,  and  so,  by  raising  temperature,  causea 
the  moderate  degree  of  rare&ction  which  the  barometer  at  sea,  at 
Greenwich,  at  St.  I'eterBbui^,  and  in  the  arctic  ice  indicates. 

864.  Ditto  about  th^  s<mt}t  poie.— Within  the  untarotic  circle,  on 
the  contrary,  the  windfl  bring  air  which  has  come  over  the  water 
for  the  distance  of  hundreds  of  leagues  all  around ;  consequottly, 
a  large  portion  of  atmohphertc  air  is  driven  away  from  the  aiistnl 
regions  by  the  force  of  vapour,  which  fills  the  atmosphere  there. 
Now  there  must  be  a  place — an  immense  diso,  with  irregular 
outlines,  it  may  be,  and  probably  is — where  these  polar  winds 
(5  855)  cease  to  go  forward,  rihe  up,  and  commence  to  flow  baok 
as  an  upper  current,  if  the  physical  sBpects— the  topogra[ihlo<il 
features  in  and  about  this  calm  place — be  such  as  to  produoo 
rapid  condensation  and  he-avy  precipitation  (Chap.  XX.),  then 
we  shall  have,  in  the  latent  heat  liberated  from  all  ihie  vapour, 
an  agent  sufficient  not  only  to  produce  a  low  barometer  and  • 
powerful  indraught,  but  quite  adequate  also  to  the  mitigation  of 
climate  there. 

8fi5.  Inflaenee*  favourdbU  to  heaey  predpilalion. — Mere  allitade, 
with  its  consequent  refrigeration,  does  not  seem  as  favouralile  aa 
raonntain  peaks  and  solid  surfaces  lo  the  condensation  and  pn- 
cipitation  of  vapour  in  the  air.  In  the  trade-wind  regions  out  rt 
sea  it  seldom  rains ;  but  let  an  inland  rise  never  so  little  abtm 
the  water,  and  the  precipitation  upon  il  becomes  copious.** 
Colonel   Sykos'  (5  299)  rain-fuU  at  Cherraponjie,  we  iMIi' 
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annual  precipitatiou  *  at  tlitt  rate  of  677. 6  incliee  during  the  six 
months  of  8.  W".  moiiitoona — from  May  to  October,  Surely  no  one 
will  maiQlain  that  tLia  vupour,  after  rising  from  the  sea,  reached 
the  height  of  4600  feet  for  the  firtt  time  when  it  waa  blown  upon 
the  jjeaks  of  (.'heriaponjie.  Islands  in  the  Sonth  Sea  are  ever- 
loBliiigly  olond-capped.  If  it  be  mere  refrigeration  that  condenaeB 
this  vapour,  why,  one  might  ask,  should  not  the  clouds  funn  at 
iLe  same  height  above  the  sea  whether  there  be  an  ialand  below 
or  nol,  and  why  should  not  these  clouda  precipitate  as  copiouuly 
upon  Ihe  water,  as  they  do  upon  the  land?  We  only  know  that 
they  do  not. 

668,  The  clitaateg  of  corretponding  shore*  and  latilitdeg  north  and 
south. — Captains  King  and  Fitzroy  expused  their  rain  gauge  on 
Ihe  western  slopes  of  the  Fatagonian  Andes,  and  it  collected 
153.75  inches  in  forty-one  days;  that  ia,  at  the  rate,  as  already 
(S  827)  stated,  of  1368.7  inches  in  the  year.  The  latent  heat  tliat 
is  liberated  during  these  rains  g:ives  to  Extern  I'atagonia  its  mild 
It  is  this  latent  heat  which  causes  ihe  irregularity  in  . 
barometric  curve  (§  858)  between  the  piinJlels  of  .iO°-65°  S. 
the  westerly  winds  prevail ;  they  carry  over  to  the  eastern 
coa>>tt>  Ihe  air  that,  in  passing  the  mountains,  is  warmed  by  this 
liberated  heat ;  and  thus,  as  I  have  already  (§  729)  endeavoured 
to  show,  we  have  un  exception  to  the  rule  under  which  meteoro- 
logisls  ascribe  cold  and  eevere  climates  to  the  windward  or 
western,  soft  and  mild  to  the  leeward  or  eastern,  shores  of 
extra-tropical  oceans.  Labrador  and  the  Falkland  Islands^  are 
in  corresponding  latitudes  north  and  south.  They  are  both  on 
■fbe  windward  shore  of  the  Atlantic  ;  they  occupy  relatively  the 
position  with  regard  to  the  wind.  Labrador  is  almost 
ibabitablo  on  account  of  the  severity  of  its  climate ;  but  in 
IIiB  Falkland  Islands  and  their  neighbouring  shores  the  cattle 
find  pasturage  throughout  the  winter.  The  therfoirmelrieal  differ- 
ence of  climate  at  these  two  places,  north  and  souih.  May  be 
taken  as  a  sort  of  index  to  the  relative  difl'erence  between  the 
arctic  and  antarctic  cliinatcs  of  our  plunet. 

867.  Tliermal  difference  belteeen  arctic  awl  antarctic  climalet,— 
Along  the  easiem  buse  of  the  Rocky  Mountains  the  isotherms 


*   Repnrt  of  llic  twoiity-seooud  meeting  nf  tlic  BriliHb  Assrwiutiuu  for  lliu 
Adnactluent  of  SciorR'-',  Jiold  <it  Belfaal  la  Si.-pteiDlH.T,  1852. 
t  Unuiy's  tSaUiuy  Diieutiuus,  sixth  edition,  p.  6KL 
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mount  up*  tuwarde  the  north  in  coosequeuce  of  tho  henvy  winter 
preoipitAtiiiD  upon  tbe  western  slopes  of  theae  mountains.  The 
heat  which  is  required  to  convert  tho  water  of  the  ColnmtiA  and 
uther  rivers  into  vapour  is  set  free  on  tho  mountain  range,  aui) 
tho  upper  MiuHOur!  18  hy  this  heat  kept  open  f>ir  navigntiuu  long 
after  the  tower  and  more  southern  poi'tiou  of  it  is  frozua  up. 

SiiS.  The  injlaeuce  of  aqueou*  vapour  upon  mWs  and  ciimofM. — 
The  average  evaporation  of  water  from  sea  anil  land  is  extiiUAted 
to  be  from  one  tbiiil  to  one  half  m  inuah  duilj  ae  is  contained  in 
tJie  great  chain  of  American  lakes.  The  average  prwiipitation 
equals  the  ovapuratiLin.  The  heat  that  ia  absorhed  and  evolved 
in  the  process  of  lifting  up  and  letting  down  such  a  body  of 
water  has  a  powerful  influence  upon  climates  as  weil  as  npoa 
winds;  it  is  tlio  chief  source  of  that  motive  power  whith  given 
to  the  winda  their  force,  to  the  storm  ita  violence.  Six  hundred 
and  twenty  pounds  of  aqueous  vapour  occupy  in  tbe  open  air  the 
space  which  it  takes  one  thousand  pounds  of  dry  air  at  the  saiM 
temperature  to  lil!.  Now  to  appreciate  the  wind -begetting  powei 
of  this  vapour,  and  it«  licat.  let  us  imagine  the  sir  over  an  um 
of  considerable  extent  to  be  saturated  with  vapour  from  the  ew, 
and  that  from  some  cause,  as  in  a  thunder-Btorm,  this  vaponr  is 
tiuddenly,  or  even  rapidly,  oonden?«ed : — The  aerial  rare&ctioti 
over  ttucb  an  ai-ea,  and  consequently  the  wind-begetting  power 
within  it,  would  be  immense,  merely  on  account  of  thfi  cxm- 
denitatiun  of  this  vajiour :  but  if  we  take  into  the  account  tho 
rarefying  effect  of  the  Iieat  that  is  set  free  during  the  procow  of 
condensation  and  precipitation,  we  may  cease  to  marvel  either 
at  the  force  of  tho  wind,  or  the  violence  of  the  rain  which  murk* 
the  hurricane;  nor  need  we  wonder  at  the  low  raugtt  iif  the 
barometer  or  tbe  mildness  of  temperature  in  all  rainy  lotitndee. 

869.  Roie  l!ie  tenvpfraiure  of  air  tiiag  bs  fitted  ftj  erotnng  motM- 
tains. — In  the  preceding  ehapter  the  ciroumstaneea  have  ba*n 
considered  which  favour  the  idea  that  most  of  the  nnkuuwn  mr- 
face  of  the  aniarotio  eirclo  ia  not  ouly  land,  but  that  its  ouasU 
are  probably  highlands ;  that  in  its  topographical  feature*  il 
presents  all  the  conditions  that  are  required  for  the  rapid  txni' 
densation  of  the  vaponr  vritb  which  the  impinging  air  from  tbt 
sea  is  loaded,  and  that  in  the  valleys  beyond  mild  climatoN  nugr 
be  es])ected.     The  aqueous  vapour  which  the  air  carries  along  it 

•  BI.»lgrt'B  Clinialolopy  of  tlit-  Cniled  8lut«. 
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)  of  tlie  mnst  poworful  moilidera  of  rlimates.     It  is  to  the 

wiaAn  precisely  what  coaU  are  to  tho  sl^am-ship  at  sea — the 

B  power.     The  cnndeiiBatioii  of  vapour  is  for  one 

what  tho  consumption  of  fuel  ih  fur  the  other ;  only  with  tL« 

inds  the  Hame  heat  may  be  used  over  nn<l  over  again,  and  for 

ray  porposuB.     By  eimply  sending  moist  air  to  tho  top  of 

mow-capped  mountains,  condensing  its  moisture,  and  bringing 

tit  down  to  the  smfaco  again,  it  U  made  hat.     Though  by  going 

Lttp  the  air  \k  cor.led,  it  is  expanded,  and  receives  as  sensible 

■ifcwt  the  latent  heat  of  its  vapour ;  being  brought  down  to  the 

tee  again,  and  oompresued  by  the  whole  weight  of  tho  faaro- 

'c  column,  it  is  hotter  than  it  was  befoie  by  the  amount  of 

wt  received  I'l-om  its  vapour.     That  we  may  form  Homo  idea  ae 

0  the  modifying  inlliiences  upon  climtite  whii-h  mii/kt  arise  from 
xsoaroe,  let  ur  inmgine  tho  air  as  it  iD]|iinge>«  upon  the  uit- 
itic  continent  to  be  charged  with  vapour  at  the  temperature  of 

iHfi.  In  order  to  arrive  at  the  place  of  polar  calms,  it  has  to 
IB  a  mountain  range,  we  will  suppose,  the  summits  of  which 
e  poshed  high  up  into  tho  regions  of  perpetual  bnuw.  As  this 
-,  with  its  moisture,  rises,  it  expands,  oooIh,  and  liberates  tho 
mt  heat  of  its  vapour,  which  the  air  receives  in  the  sensible 
Now  suppose  the  eipaneiou  due  the  height  of  tlie  mouu- 
D-top  to  be  Huffioient  to  lower  the  temperature  of  dry  sir  to 
-  fiO",  but,  OD  account  of  the  latent  heat  which  is  liberated  from 
Bi«  vapour  of  the  moist  air,  the  temperature  of  the  air  tliat  has 
mded,  instead  of  falling  as  it  crosses  the  monntain  to  —  50°,  as 
Y  air  would  do,  fallfi,  in  consequence  of  tho  conden^tion  of  ite 
hpour,  no  lower  than  —  30°.  Thus,  in  the  case  siip]msed,  heat 
h  has  been  set  free  to  raise  the  temperature  of  the  newly- 
irived  air  20°.  fonsequently,  when  this  air,  which,  at  the 
ntpornturu  of  40%  came  from  the  sua  loaded  with  va|>our,  passes 
I  mountain,  it  loses  vaponr,  bnt  receives  heat ;  dcNcending 
a  the  valleys  beyond,  it  is  g^in  compreswil  by  the  weight  of 
e  barometric  column,  which,  let  us  assame,  is  tho  &ame 
dley  as  at  the  sea  level  on  the  other  side  of  the  mountain.  The 
mperatiue  of  this  air  now.  instejid  of  being  40°,  will  be  eO°. 
^werful  tuudilier  of  climate  is  the  lalenl  heat  of  vujiour  in 

1  870.  Local  mrialion*  nf  cUtn/ite,  AoM)  nmiieil. — At  one  time. 
)  been  shown  in  t'hap.  IV,,  this  heat  is  bronght  down  from 

e  olimd  region  to  scorch  the  earth  ;  at  another  time  it  causes 
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tbe  warm  air  to  ascend,  and  cooling  cmreDts  to  come  down  from 
tiie  upper  skj.  To  this  caiiBe  Dr.  Franklin  ascribed  the  cold 
Gammer  gusts  in  America  that  come  from  the  west.  To  tbe 
effect  of  this  vapour  aud  its  heat,  with  the  constant  vertical  cir- 
culation imparted  to  the  atmosphere,  we  owe  those  variationa  of 
our  climates  which  make  any  given  day  of  one  year  to  differ 
&om  Ua  corresponding  day  of  anolber.  Were  it  not  for  those 
vertical  movemenls.  oiir  days  would  gradually  grow  cooler  &om 
midsumnier  to  midwinter ;  as  the  sun  recedes  in  the  eoliptic, 
each  day,  after  he  reached  a  certain  decree  of  south  declioation, 
would  grow  cooler  and  cooler  until  his  return  towards  the  aortfa 
again  ;  so  that  were  it  not  for  this  vertical  circulation  the  tem- 
perature of  the  day  of  the  month,  like  the  rising  and  the  setting 
of  the  Bun,  or  the  changes  of  the  moon,  might  be  foretold  in  a 
calendar. 

8TI. — Aurora  aaelralU.-— There  is  not  only  reason  to  Biippow 
that  the  topogrnphtcal  features  and  the  climates  of  the  antarotio 
regions  difler  greatly  bora  the  topographical  features  and  clir 
mates  of  the  arctic,  but  there  is  reason  t«  suppose  a  differeno* 
in  other  physical  aspects  also.  The  aurora  }ioin(8  to  IheM. 
"On  the  morning  of  the  seoond  of  September  last,"  says  Ct^L 
B.  V.  Howes,  in  bis  abstract  log  of  the  "Southern  Cross,"  lat 
oS°  a.,  lung.  TO"  W.,  "at  about  half  past  one  o'clock,  the  rare 
phenomenon  of  the  aurora  australis  manifested  itself  in  a  most 
magnificent  manner.  Our  ship  was  off  Cape  Horn  in  a  violent 
gale,  plunging  furiously  into  a  heoTy  sea,  flooding  her  deoke. 
and  sometimes  burying  her  whole  bows  beneath  tbe  waves.  The 
heavens  were  blaok  as  death ;  not  a  star  was  to  be  seen  when 
the  brilliant  spectacle  first  appeared.  I  cannot  describe  the 
awful  grandeur  of  the  scene ;  the  heavens  gradually  changed 
from  murky  blaoknese  till  they  became  like  vivid  fire,  refleoting 
a  lurid,  glowing  brilliancy  over  everything.  The  ocean  appeared 
like  a  sea  of  vermilion  lashed  into  fury  by  the  storm ;  the  vravei, 
dashing  furiously  over  our  sides,  ever  and  anon  rushed  to  lee- 
ward in  crimson  torrents.  Our  whole  ship,  sails,  spars,  and  nil. 
necmed  to  partake  of  tbe  some  ruddy  hues.  They  were  as  if 
lighted  up  by  some  torriblo  conflogrution.  Taking  all  together, 
the  howling,  sbrioking  storm,  the  iioblo  ship  plunging  fiiarlesaly 
beneath  tJie  orimxon-creBted  waves,  the  furious  squalls  of  hail, 
snow,  and  sleet  driving  over  the  veBsel  aud  fallbg  lo  leeward  1) 
ruddy  showers,  the  mysterious  balls  of  electric  t 


THE   ANT*ItOTI0   RBOIOKS  AND   THEIR  CLIMATOLOOr.  465 

niBfil-l leads,  yanl-anaa,  etc.,  and  above  all,  the  awful  eub- 
■litnitj'  of  ihe  heaveua,  tUrougli  which  ooni  sunt  ions  of  anroral 
light  wiiuM  iiftun  shoot  in  spiral  stieuka  and  wilh  meteoric  bril- 
lioiwj,  allogether  preBented  a  Hccne  of  tei'rible  graDdeur  and 
iinrfiil  sublimity  Bwrpaseing  the  wildest  dreams  of  fancy.  SVords 
fail  to  coavey  any  jxmt  idea  of  the  magnificenoo  it  presented. 
"  must  see  it  and  /eel  it  in  order  to  realize  it.  I  have  written 
because  I  believe  it  an  nuiifiual  occiurence  to  see  the 
inthem  light;*  *  at  all,  and  also  beoaofie  this  wob  far  gnperior, 
and,  in  fact,  nitogotier  different  from  our  norlhem  light*,  as 
seen  from  Ihe  latitude  of  Boston." 

872.— Jn  erroneotu  opinion.— Some  objections  to  these  yiuwb 
lespecting  the  comparative  milduoae  of  antarctic  climates  are 
by  common  opinion.  It  is  an  opinion  which  is  generally 
tved  omuug  sailora  and  physiciats  that  the  sonthurn  is  colder 
fhe  norlheiii  licuiisphere,  and  tliat  the  austral  are  more 
than  tlio  boi'cal  climates,  and  thai  the  aularctic  icebergs, 
silent  eviUence  afforded  by  tbeir  size  and  numbers,  are 
lessee  of  the  fitct.  These  objocti'ina  have  an  apparent  weight; 
deserve  consideration. 
—T^^ipical  regiotu  of  the  southem  hemiitphere  wMfer,  extea- 
warmer,  thttn  those  of  Ihe  northern. — ITie  answer  to  them  is 
follows :  Between  lat.  40"  or  lat.  4.^'  and  the  equator,  and 
parollul  for  parallel,  the  eonthcm  hemisphere  is  cooler  than  the 
nurtliom,  Heasou  leaches,  and  obsenraliotis  show  that  it  is  eo. 
But  beyond  45°  8.  observations  are  wanting,  and  we  are  loft  to 
ioaand  conjecture.  'Iliat  the  ^outbem  hemisphere  should, 
within  a  certain  distance  of  the  pole,  be  wanner  in  winter 
cooler  in  summer,  may  be  explained  by  the  fact  that  the 
leni  hemisphere  has  more  water;  that  water  being  more 
ible  than  land  in  its  teinpci'ature,  produces  more  equable 
t  l.ho  vapour  which  is  taken  up  from  trans-equatoi'iaJ 
and  condensed  into  raina  for  c is- equatorial  rivers  conveys 
t  a  vast  amount  of  heat  which  the  southern  hemisphere 
Ives  from  the  Kun.  It  is  rendered  latent  by  evaporation  on 
aia  of  the  equator,  and  made  Honsible  by  precipitation  on  the 
Much  of  it  is  sot  free  in  the  equatorial  ualm  belt,  and  it 
n  thitt  liberated  heat  whi<di  osHiats  mightily  to  maintain  the 
ht^nual  ei[ualor  in  its  northern  position. 

^74,  Formation  of  goalherii  icebergs. — So,   in   like  manner,   the 
L  iipour  Ihat  13  home  lo  the  anliiroliu  regions  by  tiie  ix-lar-bound 
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winds  trawiportB  immense  volumes  of  liciit  frmii  lie  uor6-fl 
perate  latitados  of  the  south,  and  seta  it  free  ajpiin  ..  ^--^^ 

regions  tliere.  And  as  for  the  southern  ioebei^s,  tbey  are  nnwr 
of  fresh  than  of  salt  water;  and  tliuy  are  the  channetfl  throDgh 
which  the  water  that  the  winds  oarrj-  there  as  vapour  finds  its 
way  back  again.  Being  fresh  water,  and  falling  on  the  autarctlo 
declivitiea  of  the  land,  it  is  by  rills,  a,nd  streania,  and  rains  brought 
togetber,  and  by  constant  accretions  formed  into  glaciers  of  a  siee 
and  thiukueas  that  aia  almost  impossible  to  be  furmed  ont  of  sea 
water  luiless  it  be  dashed  up  as  spray.  Moreover,  on  tbe  arctio 
oooan  tbe  rains  are  not  so  copious,  and  f':ir  that  reason,  thoogb 
the  climate  be  more  severe,  icebergs,  or  rather  glaciers,  ure  not 
formed  on  eo  grand  a  scale.  Southern  icebergs  are  true  glacian 
afloat.  Arctic  winds  are  dry  enough  to  evaporate  much  of  tho 
ice  and  snow  that  fall  and  form  in  the  uorth  jiolar  hatiin.  As 
compared  with  arctic  climates,  antarctic  are  marine,  arotio  con- 
tineotal ;  and  for  the  very  reason  that  tbe  English  climate  is 
cooler  in  summer  and  warmer  in  winter  than  the  Canadian,  so  is 
winter  at  the  south  pole  much  less  severe  than  winter  at  the 
north.  The  relative  difference  between  tbe  two  polar  climates 
is,  as  t!io  barometer  indioates.  even  greater  than  is  the  difference 
between  a  Canadian  and  an  English  winter. 

875.  Mild  climate  in  Git"  S,— As  tending  to  confirm  these  views 
tonching  the  mildness  of  unknown  antiirctie  climates,  the  state- 
ment of  Captain  Srayloy,  an  American  sealer,  muy  be  mentioned. 
He  planted  a  self-registering  thermometer  on  the  Sonth  Shetlonds, 
lat.  63°  8.,  and  left  it  for  several  winters,  during  which  timo  it 
went  no  lower  than  —  5°  Fahr.' 

876.  AiUarelto  ic«-dri/t. — The  low  barometer  and  the  implied 
heavy  precipitation  in  the  antarctic  regions  are  not  the  only  wil- 
nessea  that  ntay  be  called  up  in  favour  of  bluffs  and  bold  shoree 
to  the  antarctic  continent.  The  icebei^,  in  their  mute  way,  tell 
that  the  physical  features  of  that  unexplored  land  are  such,  in  its 
northern  slopes,  as  to  favour  tbe  formalion  of  glaciera  on  Ibe 
shore,  thenoe  to  be  launched  and  become  the  huge  icebergs  tlitti 
on  their  journey  to  the  milder  climates  of  the  north,  are  enooun- 
lered  far  away  at  sea.  After  a  somewhat  attentive,  biit  hy  no 
means  a  thorough,  oxaminution  and  study  of  antarctic  icebergs 
as  they  endanger  the  routes  of  navigation,  the  idea  suggested 

•  Miinry'i  Sniliiig  Direction*. 
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itself  that  information  might  be  gathered  from  them  concerning 
antarctic  regions  which  would  be  highly  usefnl  to  any  future 
expedition  thitherward. 

877.  Antarctic  currents, — The  conditions  required  for  Gulf- 
Stream  like  currents,  or  a  rapid  flow  and  rcflow  of  equatorial 
and  polar  waters  between  the  torrid  and  the  frigid  zones,  as  in 
the  northern  hemisphere,  are  not  to  be  found  about  the  antarctic 
regions.  Of  all  the  currents  that  come  from  those  regions, 
Humboldt's  current  is  by  far  the  most  majestic.  It  is  believed 
also  to  be  the  least  sluggish  of  them  all.  It  certainly  conveys  the 
coldest  water  thence  to  the  torrid  zone ;  and  yet  it  appears  not 
to  come  from  a  nursery  of  icebergs,  for  in  its  line  of  march  fewer 
icebergs  are  found  than  are  encountered  on  the  same  parallels 
between  other  meridians,  but  where  feebler  currents  flow.  From 
the  arctic  regions  the  strongest  currents  bring  down  the  most 
icebergs ;  not  so  from  the  antarctic.  Hence  the  inference  that, 
though  icebergs  have  been  encountered  off  the  shores  of  the 
antarctic  continent  wherever  they  have  been  approached,  yet  it 
is  only  those  which  have  been  launched  from  particular  points  of 
that  frost-bound  coast  which  are  stout  enough  to  bear  transporta- 
tion to  the  parallel  of  40°  south.  In  Humboldt's  current  it  is 
lare  to  see  an  iceberg  as  far  from  the  pole  as  the  parallel  of  the 
fifty-fifth  degree  of  south  latitude ;  but  off  the  Cape  of  Good 
Hope  on  one  side  of  the  Atlantic,  and  Cape  Corrientes  on  the 
other,  antarctic  icebergs  are  sometimes  seen  as  far  as  the  parallel 
of  35®,  often  as  far  as  40°.  Lieutenants  Warley  and  Young,  after 
having  examined  the  logs  of  1843  ships  cruising  on  the  polar 
gide  of  36°  S.,  report  the  great  antarctic  ice-drift  to  be  towards 
the  Falkland  Islands  on  one  hand,  and  the  Cape  of  Good  Hope 
on  the  other. 

878.  Antarctic  explorations  demanded, — These  facts  and  the 
stories  of  the  icebergs  are  very  suggestive.  In  mute  eloquence 
and  with  great  power  they  plead  the  cause  of  antarctic  explora- 
tion. Within  the  periphery  of  that  circle  is  included  an  area 
equal  in  extent  to  one-sixth  part  of  the  entire  land  surface  of  our 
planet.*  Most  of  this  immense  area  is  as  unknown  to  the  in- 
habitants of  the  earth  as  is  the  interior  of  one  of  Jupiter's  satel- 
lites. With  the  appliances  of  steam  to  aid  us,  with  the  lights 
of  science  to  guide  us,  it  would  be  a  reproach  to  the  world  to 


*  The  area  of  the  antarctlo  drcle  ib  8,155,600  square  miles. 
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permit  such  a  Urge  portion  of  iti;  niirface  any  longer  tu  remain 
unexplored.  For  the  laat  200  years  the  Arctic  Ocean  has  been 
a  theatre  for  explorfttioa ;  but  ns  for  Ihe  aotiirctio,  no  eipeditioQ 
haa  atlemptcd  ti>  make  any  peraiident  esplorntion,  or  oven  to 
winter  there. 

STf),  Former  K^tediiitmt. — England  thrmigh  Cimk  and  Boss; 
Itns&ia  th.i'ough.  Billingbhuueeu;  Frnnco  through  D'CTrville;  and 
the  United  Stiites  through  Wilkes,  have  Ecnt  expenditions  to  the 
South  8ea.  They  lighted  and  Eoited  along  the  tey  barrier,  but 
none  of  them  spent  the  winter  or  esE<nyed  to  trnvet  acnoM  and 
look  beyond  the  fii'Et  impediment.  The  expeditions  which  hav9 
been  sent  lo  explore  uDknowii  seas  huvo  cuntiibutcd  Inixely  to 
the  stock  of  hnman  knowledge,  and  they  have  added  renown  (o 
natioDH,  luBtre  lo  diadems.  NaviL-e  are  not  all  for  war.  I'eace 
has  its  conquests,  acieuco  its  glories ;  and  no  navy  can  buast  of 
brighter  chaplets  than  those  which  have  been  gathered  in  tho 
fielda  of  geographical  exploration  and  pbysicul  research. 

880.  An  appeal  /or  oihera.- — The  gi'eat  na.tions  of  the  earth 
have  all,  with  more  or  less  Bpirit,  undertaken  to  investigate  cer- 
tain phenomena  touching  the  sea,  and,  to  make  the  plan  more 
elfectu^l,  they  have  agreed  to  observe  according  to  a  presoribed 
formula.  The  obeervatious  thus  made  have  brought  to  light 
most  of  the  f^cts  and  clruuiuetanees  which  indicate  the  existtmea 
within  the  antarctic  circle  of  a  mild  climate — mild  by  compari- 
Bon.  The  observations  which  have  led  to  this  conoliiBion  wens 
made  by  fellc>w-laboui'o:'s  under  all  flugR.  It  is  hoped  tliat  this 
circumstance  may  vindicute.  in  the  eyes  of  all,  the  propriety  of 
au  appeal  in  this  plai'e  fur  antarctic  exploration,  and  plead  for  it 
fsvourable  consideration  among  all  nations. 


CHAPTER  XXII. 

■81-896, — THE   iCTlSOMETBY  OF  THE  SB4. 


881.  A  tiaajirld. — One  of  the  columns  in  the  man-of-w 
of  the  Bnissels  Conference  calls  for  tlie  temperature  of  the  water 
lielow  lis  well  aa  at  tlte  surface  of  the  sea.  Only  a  few  entries 
liavo  Iioen  made  in  this  column  ;  bnt  these,  as  far  m«  thev  go, 
sem  to  indicate  that  the  waimcst  water,  especially  in  tixipioal 


SGAs,  Is  not  to  W  found  at  the  top,  bot  in  k  etratHm  a  little  wajj 
down.  What  is  tLe  depth  of  this  stratum,  and  wbat  TOKy  bo  ttan 
thermal  ditTorenco  between  its  waters  and  those  of  the  mrfaofl 
»r«  questions  for  future  obaervatio&B  to  settle.  Indeed,  this  bkV 
ject  opens  a  new  field  of  inijuirj' ;  it  is  one  from  wliich  niuo]c| 
nseftil  and  instmctive  Information  is  doubtlosa  to  be  obtained  I 
my  one  of  our  oo-ojieraturs  who  will  enter  npon  the  invcstigt 
tion  patiently  and  with  diligence," 

882.  ^Hie  teanaett  uxUert  in  the  eea— where  are  th^f  al  or  below  A 
wuifaoe  7— The  observatiouH  that  we  possess  do  not  provo  tliat  tl 
vanneet  water  of  intertropioitl  seas  is  not  at  the  surface :  the^ 
go  no  farther  than  to  show  diat  It  ia  aumetinioa  not  at  the  Hurfac^l 
and  to  suggest  that,  iu  all  probability,  it  is  generally  bolovn 
Wpocially  in  "blue  water."    llooson  suggesta  it  alno,    HnpposiiM 
that,  as  a  rule,  tbe  hottest  water  is  below  the  surface,  wo  may,  ^ 
Older  to  stimulate  research,  enconri^e  investigation,  and  insa 
truo  progress,  propound  a  theory  in  explanation  of  tbe  ph« 
nomenon,  looking  to  future  observations  to  show  bow  far  it  n 
told  good.  __^ 

•  On  the  2eih  of  Miirtli,  l&sa,  Ih.;  h,ii>  Pussi'd  Micialiipmim  A.  C,  Joel  _ 
«.  8.  N..  being  in  ti.e  Oulf  Sini.ii..  V..I.  ,14°  55'  N.,  long.  If  8'  W.,  found  t^ 
.Wnpemturs  of  th«  wot.T  71.5'  i.l  the  Brirf.u^e,  7S"  at  tbe  il*plll  of  Hx  feet.  M 
aiiJt'  at  Uiu  depth  of  11^  feet.     A),i.iu,  -m  the  SOtix,  iu  lut.  Zi"  10'  Nm  >M 
'        ','  W.  (iipur  Uiu  udgu  of  lliB  tiulf  Streftiii),  hu  tri<d  the  laiupBtainfe  of  tL- 
■r  br  imothor  cHnrfulIf  conduvlal  aet  of  obBcrvntionn,  niid  fouDil  it  TS^ll 
■oftosv  nod  79.5°  Bt  tbe  depth  of  im  hti.    Theaia  «aa  natgli,  nod  In  dU 
ftc  that  leaaon,  obaerre  the  teiapentoro  at  six  fori.    The  tompomtiue  d 
_  aif  intbashadewafiCan-outliu  setLiandTa^TOtheSOth,    (TMan.M' 
li  ad.,  DUiut'b  Sailing  Dirwtiona,  IRG3.) 

t  of  a  Letter  fmin  J.  Berminghara,  Chirf  Enginwr  t^f  Die  Anwrioi 

,  mor  "Goldni  Agi',"  dated  liiiy  of  Punaiua,  JuTia  W.  ISflO,  andaddrm — 

[  to  UtniL  John  M.  Bivike,  V.  B.  N. 
oil  unr  bt<i  lri|j  from  San  FniiiciBco  (6tti  Jnno)  to  Uiis  port  we  eipeHmm 

nnijit ramarkiibly  Bne  witathur  arid  aiuooth  hu  that  I  baTOcver  ni' '  " 

It  BacJHc,  or  aiiywbeni  eite. 

*Oa  the  14th,  while  eroiraQg  thu  nnlf  orTvliiwiit^poi?.  wo  fotnid  \he  tanvi 

'   M  of  the  KB  water  on  the  nirfnoe  (whem  it  had  not  boeii  diflturbBd  by  U 

■OB  of  the  vGswlJ  HS°,  and  upon  taldiig  the  teinp^tatum  at  [ha  wne  til 
_  Jbet  bnlow  the  aurface  the  nunn  of  thrtu  tbKnuarneluni  gave  90*.  Teniw: 
Is  of  atmosphere  93°. 
V',Zd9  Dot  eMOtly  undereland  why  the  tempomturo  of  the  sea  wa...  __ 
Ekpajmidh  gKuter  Ht  n  diabuiiM  uf  tea  feet  (him  tbe  luifuoa  tbon  it  was  w 
IMlnlcl;  u;k>q  the  mirlace. 
"  Mr,  A;;iiK.;z  (.i  vu  of  Pnifosgnr  Agneeitl  wns  on  hoanl.  and  ho  nnd  ff,  ., 
■ulc  repniitrl  ii  .[B  f,f  tlin  trmjifnitute  of  thu  water  durinu  tbo  Erar  lioura  « 
'-  -  ■'  --  -'-  -"^-tJ,u  arBTin  beti. 
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S83.  The  anaiud  lappli/  of  mlar  heal  uni/ciTn.— Tho  flow  of  heat 
from  l-he  sun  is  belli  to  bo  umfoiiu.  and  iho  qiiaotity  Uiat  is 
annually  imprefit>ed  upon  the  earth  is  considered  as  a  conatatiL 
Tho  sun  spots  may  nmke  thia  "  conetant"  a  variable,  bat  the 
amouDt  utiuually  leucivcd  by  the  earth  is  no  nearly  uniform,  that 
our  boat  instrument  liftve  not  been  able  to  show  us  any  variation 
in  ita  unil'uriuity.  Some  maintain  that  climates  are  undergoing 
a  gradual  change  as  U>  tempeinture.  However  this  may  be  as  to 
certain  luc-alities,  Huron  Fmirier.  after  a  long  and  laborious  cal- 
oulatiun,  clajtns  to  have  shown  that,  if  the  earth  had  been  once 
heated,  and  after  having  been  brought  to  any  given  temperature,  I 
if  it  had  then  been  plunged  intu  a  colder  medium,  it  would  not 
in  the  space  of  1,280,000  years  be  reduced  in  temperature  mora 
than  would  a  12-inch  globe  of  like  materials  in  one  eeoond  of 
time  if  placed  under  like  oondilions.  It  may  be  assumed  tJiat 
for  tho  whole  earth,  there  has  not  been  since  the  invention  of  tbt 
tbermoniL'tcr  any  appreciable  change  in  tho  temperature  uf  tlie 
crust  of  our  planet. 

884,  Quaatili/  of  heal  daily  impreaeetl  upon  Ok  earth. — Tho  eartii 
roocives  from  the  sun  hciit  enough  daily,  it  hiis  been  said  (S  271), 
til  melt  a  quantity  of  ice  sufBcient  (o  incase  it  in  a  film  1 J  inch 
thick.  What  becomes  of  this  heat  after  it  is  so  iiuprossod, 
how  is  it  dispomod  by  the  land?  how  by  the  sea?  Let  no 
inquire. 

S85.  Bow  farbeU/a  thctiirfaee  doe»  the  heato/fhe  lunjienftralef — 
The  solar  ray  penetrates  the  solid  parts  of  the  earth's  cnist  only 
to  the  depth  of  a  few  inches,  but  striking  its  fluid  part«  with  ite 
light  and  heat,  it  ponotrates  the  sea  to  depths  more  or  less  pn^ 
found,  according  to  the  transparency  of  the  waters.  Let  ns,  in 
imaginaliou,  divide  these  depths,  whatever  they  may  be,  into 
any  number  of  stratifications  or  layers  of  equal  thickuesa.  Ths 
direct  heat  of  tho  sun  is  supposed  to  be  eitingniBhod  in  Ihe  lowest 
layer ;  the  bottom  layer,  then,  will  receive  and  absorb  iha 
rmnimiun  amount  of  heat,  the  top  the  maximum  ;  consequently, 
each  lajor,  as  we  go  from  the  top  to  the  bottom,  will  receive  Ivm 
and  lees  of  the  euu's  beat. 

886.  The  ttralum  of  marment  water. — Now,  which  will  retain 
most  heat  and  leacb  the  highest  temperature?  Not  tho  top 
layer,  or  that  to  which  most  heat  is  imparted,  bcicnnse  by  evft- 
pomtion  heat  is  carried  off  from  the  Burface  of  tho  eca  almo»t_j 
fast  ad  by  the  suu  it  is  imprei^ed  upon  tliu  Kurfnco  of  tlM  4j 


^FuA  the  bottom  layer,  because  that  receives  a  minimiim,  which, 
^Vifitough  it  cannot  excape  by  evaporation,  may  nevertheleae  fail  to 
I       miake  any  marked  choiiga  in  temperature — ^fnil.  not  by  reaBon  of 
no  evuporution,  but  by  tlie  tiver-tbaoging  tuovenients  whiob,  con- 
sidering iho  lengtli  of  tiroo  required  to  heat  the  lower  Etiatum 
bj  gnuh  alow  and  gradual  accnmuUtion  of  beat,  would  alter  ita 
Me  and  vary  its  oundition,  aad  indeed  lemoving  it  beyond  the 
Kth  of  the  obtierver. 

887.  It»  pomtifm. — The  layer,  therefore,  which  acciounlateB 
Mt  heat  and  becomes  wariaost.  Bhould  bu  neither  at  the  bottom 
r  at  the  top,  but  interroediale,  tbo  exact  temperature  and  depth 
(whicb  it  is  for  observation  to  determine.  To  encourage  such 
initiation  and  the  inveetigaliona  which  it  su^ests  is  the 
a  object  of  this  chapter. 

i8.  The  different  tuhjreU  far  dniervatitm. — In  conducting  such 
rations,  several  ques^tinns  are  to  be  conaidered,  sncb  an  the 
jarency  and  apecific  gravity  of  the  water,  its  photpharcseenee ; 
B  &ce  of  the  sky,  whether  clear  or  cloudy  ;  the  state  of  the  eea, 
igh  or  smooth  ;  the  condition  of  the  weather,  whelher 
iiidy.      Then    the   temperature  should  be   tried,   at 
rions  depths  and  at  various  hours  of  the  night  and  day.  in 
'  to  ascertain    not  only  the    maximum    temperature  and 
8  depth  of  the  warmest  stratum  in  the  day,  but  the  dif- 
I  in  its  temperature  and  position  by  day  and  by  night. 
Sieae  obeervationa  will  afford  the  data,  also,  for  computing  the 
mnt  of  solar  heat  that  penetrates  the  boftom  of  the  sea,  as  well 
H  the  amount  that  is  radiated  thenue  again.     They  will  reveal 
to  us  knowledge  oonoeming  its  actinometry  in  other  aspects. 
We  shall  leani  how  absorption  by,  as  well  as  radiation  from,  the 
under  atrnta  ia  affected  by  a  rough  nea,  as  when  tie  waves  are 
kaping  and  tossing  theii'  white  caps,  and  how  by  its  glassy 

a  when  tho  winds  aiv  hushed  and  the  aca  smooth. 
^'889.  Expected  ditoonerieg. — Here  we  are  reminded,  also,  to 
Btaoipate  the  discovery  of  new  beauties  and  fresh  charms  among 
"  t  wonders  of  the  sea.  We  have  seen  [  §  366)  that  while  the 
■Bt  of  the  sun  i«  impressed  alike  upon  sea  and  land,  never- 
elesB  the  solid  part  of  the  earth's  cruet  radiates  much  more 
freely  than  the  fluid.  On  the  land  the  direct  heat  of  the  sun 
operates  only  upon  a  mere  shell  a  few  inches  in  thickness ;  at 
Heft  it  penetrates  into  the  depths  below,  and  operates  upon  a 
layer  of  water  many  feet  thick.     The  solid  lond-ci-utit  has  its 
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tBmiierBtnre  rnised  high  by  day  nnd  cooled  low  dnwn  by  nigKt: 
bat  the  most  powerful  sun,  after  beitt.itig  down  all  day  with  its 
fierceit  intenaity  npon  thia  liquid  covering,  has  iiot  power  to 
raise  its  teniperature  more  than  three  or  foiir  degrees.  Thi« 
covering  Borves  as  a  renervoir  fur  the  solar  heat.  In  the  depths 
beltiw  it  ID  cuncealod  from  the  powers  of  intense  radiation,  nnd 
held  by  the  obedient  ocean  in  readiness  to  be  brought  to  the  sur- 
face frum  time  t«  time,  and  as  the  winds  and  the  cloudtt  call  far 
it.  Hero  it  is  rendered  latent  by  the  forces  of  evaporation,  itad 
in  this  form,  having  fulfilled  its  office  in  the  economy  of  the 
ocean,  it  passes  off  into  the  air,  there  to  enter,  in  mystsrioiu 
ways,  tipon  the  performance  of  its  manifold  ta&ks. 

890.  Actinic  proeeg»e». — As  evaporation  goes  on  by  day  or  night, 
the  upper  stratum  is  rendered  heavier  by  re»i!on  of  both  tho  heat 
and  the  fre^h  water  borne  away  by  evaporation  ;  the  upper  water 
having  been  thus  rendered  both  Salter  and  cooler,  liss  its  specific 
gravity  increased  so  much  the  more.  On  the  other  hand,  tia 
ntiata  below,  i-eceiving  more  hetit  by  day  than  tbeydisjtenso^iwn 
by  radiation  day  and  night,  gi-ow  actually  wannur  and  speci- 
fioally  lighwr;  and  thus,  by  unaeen  hands  and  tho  "clapping  of 
the  waves,"  the  waters  below  ai'e  bi'oitght  to  the  sarfuca,  and 
those  on  the  Burfnce  carried  doMn  to  unknown  depths;  and  tliue, 
also,  we  discover  new  and  strange  proceRsos  which  hava  b 
ordained  for  the  waters  of  the  ocean  in  tlieir  syatem  of  t 
oircnlalion, 

89i.  Jlte  reaervoin  of  heat. — Thus  wo  airive  at  the  o 
that  the  ocL'an  U  the  great  reservoir  of  sensible  aa  the  clouds  m 
of  latent  beat.  That  in  those  two  chambers  it  is  iunuouoiuly 
Btored,  thence  to  be  dispensed  by  processes  as  marvellous  as  thsy 
are  boniguaut  and  vdse,  to  perform  its  manifold  offices  in  the 
eoonomy  of  our  planet ;  it  is  this  heat  whicJi  gives  "  his  cin;ails* 
to  the  winds  and  circulation  to  the  sea;  it  is  it  that  fetches  &om 
the  ocean  the  clouds  that  make  "the  earth  soft  with  showen." 
Stored  away  in  the  depths  of  inlor-tropleal  seas,  it  is  conveyed 
along  by  "secret  puths"  to  northern  climes,  there  lo  he  brou^t 
to  the  iturfuco  in  duo  season,  gi^cu  to  the  winds,  and  borne  aw^  _ 
to  temper  the  climates  of  wesloiu  Eni'upc.  clothing  the  Y""'* 
Islands  as  they  go,  in  gi-een,  and  causing  them  to  smile  a 
genial  warmth  even  in  the  dead  of  winter. 

892.  Aa  ojfuxfnr  wanea  in  1/ie  *ea.— Thus  perhaps  we  diaq 
a  new  offico  lor  the  waves  in  the  physical  economy  of  the  0 
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Is  il  uot  to  ihi^ra  that  has  been  ftssigned  the  task  of  bringing 
bj-  their  agilatiwa  of  tlie  sarface  the  layers  of  warm  waior  I 
ore  sproBd  out  bulow^  and  aro  they  not  coDoerned  alHo.  na  tb< 
draw  up  tlio  genial  waters,  in  regulating  the  snpply  of  heat 
indB  by  nigiit,  as  well  aw  in  cold  or  clondy  days,  fur 
purpoBes  of  evuporation  ?  Thus  even  the  waves  of  the  s-ea 
made  by  this  beaiitiftil  study  to  present  themselves  aa  parts, 
portant  parts,  in  tho  terreBttial  machinery.  We  now  view  tl 
like  balance- wheels  in  the  complicated  system 
mechanism  by  wlueh  the  clinmtoB  of  the  earth  are  gijverned. 
the  waves  did  not  stir  up  tlie  heated  waters  from  below  ('s  881), 
tlie  winds  would  evaporate  slowly  by  night,  for  the  want  of  ade- 
qttat«  supplies  of  calnrio:  the  conm-iinence  would  bo  less  preoip^ 
t»tioit  &nd  e,  mora  scanty  snpply  of  latent  heat  for  liberation.  i| 
1ii8  clond  region.  An  a  consequence  of  (his,  the  winds 
have  less  motive  power,  and  the  whole  climatio  arrangements 
our  planet  would  be  different  from  what  they  are. 

893.  The  Tadialituj  poieert  vf  earth,  air,  and  waler  ainporeil. — We 
BUiy  note  also  another  peotiliaiity  as  to  the  difference  in  the 
direct  heat-absorbing  and  radiating  properties  uf  sea,  land,  and 
Air :  it  in  one  which  presents  the  atmosphere  in  the  light  of  a 
T6guUtar  between  the  land  on  one  hand,  and  tho  heating  powers 
of  the  sun  on  the  other.  It  is  eiiggestivo  also  of  other  benign 
CO&ipensations  and  lovely  ofBces  in  the  physical  machinery  of  unr 
jilaoet;  both  hmd  and  water  receive  more  heat  from  the  sun  than 
Qiey  radiate  again  ;  but  the  atmosphere  receives  lees  heat,  dired 
a  the  Sim  than  it  mdiatcs  off  again  into  space  :  as  the 
g  from  the  sun,  part  of  it  is  absorbed  by  the  atmosphei 
Hit  the  largest  portion  of  it  is  impi'CHscd  upon  the  land 

a  them  a  portion  passes  off  into  the  atmosphere  bycondnctii 
while  another  portion  is  radiated  directly  off  into  the  realms 
What  becomes  of  the  remainder  ?     Let  ua  inqiif 
R  a  remainder,  and  unless  means  for  its  escape  were  pi 
vidod,  Iho  land  and  waler,  especially  the  latter,  would  ci 
D  grow  warmer  and  warmer,  and  so  produce  confusion 

ecouomy.  The  remainder  of  this  heat,  being  tl 
kllllcb  is  neither  radiated  by  sea  and  land  directly  off  into  i 
r  imparled  to  tho  air  by  conduction  from  them,  isabsorbed 
iroceawiH  of  evaporation;  it  is  then  delivered  to  tho  atmosphi 
tent  in  the  vesicles  of  vapour,  to  ho  set  free  in  the  clond  regit 
teniiexed  sensible  and  imparted  to  the  upper  air,  whence  it  " 


me- 
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OBOa&APBI  OF   TBS  SEA,  AKD  ITS  MET 

oflf  by  radiation  into  the  "emptineaB  of  epaci?."     Thna   tlie  air 

with  its  actiaometry  presents  ituelf  in  the  light  of  a  ttinrmal 
adjustment,  by  whicU  the  land  and  sea  are  prevented  ti-uia  be- 
aoniing  seelhing  hot;  and  by  which  they  are  enabled  to  perfom 
their  wonderful  offlcos  with  oortainly  and  regularity. 

894.  A  reflection  concerning  heat.^lt  is  curious  (o  think  lliot 
Ihia  he-at  which  w«  have  been  con  I  em  plating,  now  aa  latent  in 
the  clouda  above,  now  ne  sensible  in  the  watera  below,  oomet 
from  the  same  source  whence  originally  came  the  hest  whioh  hu 
been  packed  away  in  fieams  of  coal  and  stored  in  the  bowels  of 
the  earth  for  ages  and  ages,  to  he  called  forth  by  mfcn  at  will  for 
his  own  comfort,  pleasure,  and  convenience;  that  thi»  protean 
thing  is  the  agent  which  controls  sea  and  winds,  and  they  iti 
that  it  is  it  which  has  lifted  up  the  mountnins ;  which  clothes  Utb 
world  with  beauty,  and  keepa  the  etiipendoue  fabric  of  the  nnir 
verse  in  motion :  and  that  after  nil,  this  mighty  agent  i§  only 
that  gentle  thing  that  "  warms  in  the  sun !" 

895.  Probable  relation  beltiieen  the  actinism  of  the  tea  and  ill 
depth. — Pursuing  this  subject,  the  philosophical  murincr,  aa  h« 
rails  along  and  records  observation x  for  these  purposes,  may  bncy 
— and  perhapB  rightly — that  ho  has  traced  to  the  actinometry  nf 
the  sea  one  of  the  ])hysiaal  conditions  whicli,  when  the  depths 
of  the  ocean  were  laid,  had  it«  weight  with  the  .'  ~ 
Abchitkct. 
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Uray's  "Elegy"  in  Coloan,  Uniform  with  the  Illnittrated 
"  Story  Without  an  Knd." 

N  ELEGY  IN  A  COUNTRY  CHURCHYARD.  By 

Thomas  Gray.  With  Sixteen  Water-Colon  red  Drawing*,  by 
Eminent  Artist*,  printed  in  Colours  in  facsimile  of  the  Ori- 
ginals.    Uo>-al  dvo.  cloth,  I2s.  6d. ;  or  in  mvrocro,  I'M. 

[Jn  f/reiHiratian 

THE  STORY  WITHOUT  AN  END.     From  the  German  of 

Carove.  By  Sarah  Austin.  Illastrated  with  Fixteen  Original  Water- 
Colonr  Drawings  by  K.  V.  B.,  printed  in  Fac-ftimile  and  numerous  Illus- 
trations on  wood.  Small  4to.  cloth  extra.  12x. ;  or  inlaid  on  side  with 
floral  ornament  on  ivory,  I6s. ;  or  in  morocco,  21«. 

*^*  Also  a  Large  Paper  Edition,  with  the  Plates  mounted  (only  2.V) 
copies  printed),  morocco,  ivory  inlaid,  3U.  6d. 

**  Notch  frti  will  he  find  the  Book  of  Nature  more  frexhly  and  beautifully 
opened  for  him  than  in  '  The  Story  without  an  Enai  of  its  kind  one  of  the 
best  that  was  ever  it-rif/m."— Quarterly  Review. 

"  We  hare  here  a  most  beautiful  edition  of  Mrs.  Austin's  urell-known 
translati'tn  tf  *  The  Story  tritki>ut  nn  HjuI.'  illustrated  by  K.  T.  li.  with 
even  more  than  her  accustomed  fioetical  grace  and  fancy.  It  is  dtjficult  to 
select  when  all  the  illustrations  are  so  delicately  beautiful,  but  we  cannut 
help  ptjinting  out  several  that  strike  us  especially.  .  .  .  Hut  it  is  f/uite 
impossible  to  describe  these  illustrations.  U'e  must  refer  (fur  readers  to 
the  bot)k  itself  if  they  wish  to  see  a  }t«.rfect  development  of  the  grace,  fancy, 
and  true  poetical  g*  niusfor  which  the  pictures  of  ii.  V.  B.  have  lung  been 
remarkable." — Spectator. 

Also,  illustrated  by  the  same  Artist, 

Child's  Play.    Printed  in  far-simile  from  Water-Colour  Drawings,  7s.  M. 
Tennyson's  May  Queen.    Illustrated  on  Wood.    Large  Paper  Edition, 
7s.  «d. 

CHRISTIAN  LYRICS.  Chiefly  selected  from  Modem  Authors. 
1^  Poems,  illustrated  with  upwards  of  1.50  Engravings,  under  the  super- 
intendence of  J.  D.  Cooper  Small  4to.  cloth  extra,  IO5.  dd.;  morocco,  2is. 
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The  Poetry  of  Nature.  Selected  and  Illustrated  with  Thirty- 
nix  Engravinfr*  by  Harrison  Weir.  Crown  8to.  handaomelj  bovad 
in  cloth,  gilt  edges,  f>s.;  morocco,  10s.  dd. 

*«*  Forming  the  new  volume  of  Low's  Choice  Editions  of  Choiee  BoiAn. 

Choice  E<litions  of  Choice  I}(H»ks.  New  Editions.  Illustrated  bjr 
C.  W.  Cope,  R.A.,  T.  Creswick,  R.  A..  Edward  Dnnran.  Birket  Fostirr, 
J.  C.  Horsley,  A.  R.  A.,  George  Hicks.  R.  Redgrave,  R.A.,  C.  Stonehonte, 
F.  Tavler,  George  Thomas,  H.  J.  Townshend.  £.  H.  Wehnert,  H«r> 
rison  weir,  Ace.    Crown  8vo.  cloth.  5<.  each ;  roor.  lOs.  6d. 


Uloomfleld's  Farmer's  Boy. 
CamnboH's  Pleasures  of  Hope. 
Cundair»  EliBubethan  Poetry.- 
Coleridge's  Aucicitt  Mariner. 
Goldsmith's  Dtn^erted  Village. 
Gold.>«mith's  Virar  of  Wakefield 
Gray's  Elegy  in  a  Churchyard. 


Keat's  Eve  of  8t.  Agnes. 

Milton *s  I'AUegro. 

Poetry  of  Nature. 

Rogers*  Pleasures  of  Memory. 

Shakespeeu'e's  Songs  sund  Sonnets. 

Tennyson's  May  Queen. 

Wordsworth's  Pastoral  Poems. 
*'  t$urh  u-i.rhs  are  a  ghirious  beatification  for  a  poet.     Such  'trorks  as 
thesr  ctlucutt:  tonnsnun,  u/io,  Riirniundtti  by  dead  and  artificial  things,  as 
country  peoidf  are  by  life  and  nature,  scarcely  Irarn  to  hnjk  nt  natuit  till 
taught  by  thise  concvntrattd  specunens  vf  her' beauty." — AtheniPam. 

Bishop  Ilobcr's  Hymns.  An  Illustrated  Edition,  with  upwards 
of  one  hundred  Designs.  Engraved,  in  the  fln>t  style  of  Art  nnder  the 
superintendence  of  J.  D.  Cooper.  Small  4to.  haud^umely  bound,  price 
Half  a  Guinea ;  moro4*co,  2ls. 

The  Divine  and  Moral  Stjnj^s  of  I)r.  Watts :  a  New  and  vt»ry 

choice  Edition.  Illufitruted  %vith  One  Hundred  Woodcuts  in  the  first 
t>tyle  of  fhe  Art,  from  Original  De^>igns  by  Eminent  Artists;  engraveu 
by  J.  L>.  Cooper.    Small  4to.  cloth  extra,  price  Is.  Hid. ;  momcco.  lo«. 

Artists  and  Arabs;  or  Skotchinpj  in  Sunshine.  By  Henry 
Klarkbnru,  author  of  *'  The  P>Teuees,"  &c.  Numerous  Ilfustratioo*. 
Demy  tivo.  cloth.     Iii^.  6d. 

The  Pyrenees;  a  Description  of  Summer  Life  at  French 
Watering  Pla<*es.  By  Henry  Blackburn,  author  of"  Travelling  in  Spain 
iu  the  Presfut  Day."  With  upwards  of  100  Illustrations  by  Gustave 
Dor6.     Royal  rivo.  cloth,  1S«. ;  roorM'co,  25s. 

Travelling  in  Spain  in  the  Present  Day  by  a  party  of  Ladies  and 
Gentlemen.  Ry  the  same  Author.  With  numerous*  11  lustrations  and 
Mapoflioute.     Square  8vo.     U\s. 

Two  Centuries  of  Sonp;  or,  Melodies,  Madrigals,  Sonnets, 
and  other  Occasional  Verse  of  the  Envlihh  Poets  of  the  last  300 
Vfhrs.  With  Critical  and  Biographical  Notes  by  Walter  Thombary. 
lUuiitr.ited  hy  Oriffinul  Pictures  of  Eminent  Artists,  Drawn  and  Kn- 
graved  esneeuilly  f(«r  this  work.  Printitl  on  toned  paper,  with  rolonred 
lM)nlers,  ue>itfiied  by  Ileurv'  Shaw,  F.S.A.  Very  handsomely  bonnd. 
Cloth  extra,  ^Is. ;  morocco,  i2s. 
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Milton's  Paradise  Lost.  With  the  original  Steel  Engravings  of 
John  Martin.  Printed  on  large  paper,  royal  4to.  handsomely  bound, 
31.  13s.  M. ;  morocco  extra,  bl.  i5s.  6a. 

Light  after  Darkness:  Religious  Poems  by  Harriet  Beecher 
Stowe.    With  illustrations.    Small  poet  8vo.  cloth,  3s.  6d. 

Poems  of  the  Inner  Life.  Selected  chiefly  from  modem  Authors, 
bjr  pcrmiraion.    Small  post  8vo.  6s. ;  gilt  edges,  6s.  6d. 

Favourite  English  Poems.  Complete  Edition.  Comprising  a 
Collection  oi  the  most  celebrated  Poems  in  the  English  Language,  with 
but  one  or  two  exceptions  unabridged,  firom  Chaucer  to  Tennyson.  With 
300  Illustrations  by  the  first  Artbts.  Two  vols,  royal  8vo.  half  bound, 
top  gilt,  Roxburgh  style,  1/.  18s. ;  antique  calf,  3/.  3«. 

*•*  Either  Volume  sold  separately  as  distinct  works.  1.  **  Early 
English  Poems.  Chaucer  to  Dyer."  2.  **  Favourite  English  Poems, 
Thomson  to  Tennyson."    Each  handsomely  bound  in  cloth,  1/.  Is. 

»*  One  of  the  ehmeest  gifl-booKs  of  the  year^  "  Favourite  English 
Poeins  '*  it  not  a  toy  ttook.  to  be  laid  for  a  week  on  the  Christmas  table  and 
then  thrown  aside  with  the  sparkling  trifles  of  the  Christnuts  tree^  but  an 
honest  book,  to  be  admired  in  the  season  of  pleasant  remembrances  for  its 
artistic  brnuty;  and.  when  the  holydays  are  orer^  to  be  plared  for  frequent 
and  affectionate  consultation  on  a  favourite  dtelf." — Athennnm. 

Schiller's  Lajr  of  the  Bell.  Sir  E.  Bulwer  Lytton's  translation ; 
beautifully  illustrated  by  forty-two  wood  Engravings,  drawn  by  Thomajt 
Bcott,  and  engraved  by  J.  D.  Cooper,  after  the  Etchings  by  Retszch. 
Oblong  4to.  cloth  extra,  lis. ;  morocco,  25s. 

An  Entirely  New  Edition  of  Edgar  A.  Poe's  Poems.  Illustrated 
by  Eminent  Artists.    Small  4to.  cloth  extra,  price  10s.  Hd. 

A  History  of  Lace,  from  the  Earliest  Period ;  with  upwards  of 
One  Hundred  Illustrations  and  Coloured  Designs,  ^y  Mrs.  Bury  Palliser. 
One  volume,  8vo.    New  Edition.  [In  preparation. 

The  Roval  Cookery  Book.  By  Jules  Gouffe,  Chef  de  Cuisine  of 
the  ^aris  Jockey  Club.  Translated  and  Adapted  for  English  use.  By 
Alphonse  Qouflu,  Head  Pastrycook  to  Her  Majesty  the  Queen.  Illus- 
trated with  large  Plates  beautifully  printed  in  Colours,  and  One  Hun- 
dred and  Sixty-One  Woodcuts.  One  volume,  super-royal  8vo.  cloth 
extra,  21.  2s. 
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The  Bayard  Series. 

CHOICE   CO:VIPANIOXABLE   BOOKS 
FOR    HOME    AND    ABROAD, 

COMPRISING 

HISTORY,   BIOGRAPHY,    TRAVEL,   ESSAYS, 
NOVELETTES,  ETC. 

AYliich,  under  an  Editor  of  known  taste  and  ability,  will  be  very 
choicely  printc<l  at  the  Chiswick  Tress ;  with  Vignette  Title-page, 
Notes,  and  Index ;  the  aim  being  to  insure  permanent  value,  as 
well  as  present  attractiveness,  and  to  render  each  volume  an  ac 
quisition  to  the  libraries  of  a  new  generation  of  readers.  Size,  a 
handsome  16mo.  bound  flexible  in  cloth  extra,  gilt  edges, 
averaging  about  220  pages. 

Each  Volume,  complete  in  itself,  price  Half-a-crown. 
THE   STORY  OF  THE   CHEVALIER   BAYARD.     Fmm 

th(>  French  of  the  Loyal  Ben'ant,  M.  de  Dcrville,  and  others.     By  K. 
WalTord.    With  lutrodui-tioa  aud  Note*  by  the  Editor. 

"  Praise  of  him  inust  walk  the  earth 
For  ever,  aiul  to  noble  deeds  jrive  birth. 
Thi«  is  the  hapiiy  warrior:  this  is  he 
That  every  muii  in  arms  would  wish  to  be." —  W'ort/itworth. 

SAINT    LOUIS,   KING   OF  FRANCE.     Tlio  curious  and 

fharacteristic  Life  of  this  Monarch  by  De  Joinville.     Traiulated  by 
Jam(^s  lluttoa. 

'*  St.  Ijiuut  and  his  companiong,  as  dfscrifmi  by  Joinvil/f^  not  only  in 
thdr  ijHstenin^  arni'mr,  hut  in  their  eviry-dny  nttirt\  are  brtmyht  nnxrvr 
to  us,  bimmr  mtdlnjiblr  to  us,  and  teach  us  Irssotis of  humanity  which  we 
nin  If  am  from  men  otily,  and  not  from  sttints  and  hercifs.  lure  lits  the 
rail  value  if  rial  history.  It  wutens  our  minds  and  our  hearts,  and  aires 
us  that  true  knoicledyc  if  the  world  and  of  human  nature  in  all  its  phases 
which  but  few  am  ynin  in  *he  short  span  of  their  own  life,  ami  in  the  nor- 
row  sphere  of  their  frii  nds  and  enemits.  We  can  hardly  imagine  a  better 
book  fur  boys  to  read  or  fur  men  to  ponder  ofcr." — Times. 


List  of  Publications, 


The  Bai/ard  Series,— 

THE  ESSAYS  OF  ABRAHAM  COWLEY.    Comprising  all 

his  Pro*e  Works:  the  Celebrated  Character  of  Cromwell,  Catter  of  Cole- 
man Street,  &c.  &i*.  With  Life,  Notes,  and  Illnstrations  bj  Dr.  Hard  and 
others.    Newly  edited. 

"  PraUerl  in  his  day  as  a  grent  I\>ef ;  the  head  of  the  school  of  poets 
rallM  nirtaphifsictiL  he  is  now  chiefly  known  by  those  prose  essays,  nil  too 
short,  awl  all  tooft^w,  which,  whether  for  thouaht  or  for  erpression^  have 
rarely  been  exceileii  by  any  writer  m  any  language." — Mary  Rnssell 
Mitford's  Recollections. 

*»  Cfwley's  prose  xtamps  him  as  a  man  ofgenius^  and  an  improver  of  the 
Engluth  language." — Thos.  Campbell. 

ABDALLAH   AND   THE   FOUR-LEAVED   SHAMROCK. 

By  Kdoaard  Laboallaye.  of  the  French  Academy.    Translated  by  Mary 
L.  Booth. 

(fne  of  the  noblest  and  purest  French  stories  ever  written, 
TABLE-TALK   AND   OPINIONS  OF  NAPOLEON   THE 

FIRST. 

A  compilation  from  the  bent  sources  of  this  great  man's  shrewd  and 
often  prophetic  thoughts,  forming  the  ttest  inner  life  of  the  most  extraordi- 
ntry  man  of  vuMlcrn  times. 

THE  KING  AND  THE  COMMONS:  Caralier  and  Puritan 
Poem:i.  Selected  and  Arranged  by  Henry  Morley,  Professor  of  Litera- 
ture, Loudon  University.  Formiug  the  New  Volume  of  "The  Bayard 
Series." 

•»•  It  was  in  working  on  this  volume  that  Mr.  Morley  discovered  the 
Nmv  Poem  aitrihutird  to  Milton,  about  which  there  is  so  much  controversy. 
A  ficsimile  of  the  l\}em.  ami  Signiture  J.  or  P.  A/".,  with  parallel  ptis- 
sagfs^  and  the  xchole  of  the  evidence  pro  and  con,  will  be  given  in  the 
ftrefatory  matter,  so  thfit  the  scholar  conform  his  own  conclusion. 

VATHEK.     An  Oriental  Romance.     William  Beckford. 

*'  Beckford's  '  Vathek '  is  here  presented  as  one  of  the  beautifully  got- 
up  uorks  includift  in  Messrs  Li>w  ami  Qi.'s  *  Bayard  Series,'  every  one 
of  which  is  n  gem,  and  the  *  CiUph  I'athek '  is,  perhaps,  the  gem  of  the 
collection.  W  r  may  tu  well  atld  that  every  one  of  the  works  included  in 
thi*  series  w  well  worth  possessing,  and  the  whole  will  make  an  admirable 
fuundation  fir  the  library  of  a  studious  youth  of  polished  and  refined 
tastes.*" — Illostrated  Times. 

"  ff  the  publishers  go  on  as  they  have  begun,  they  will  have  furnished  us 
with  one  of  the  most  valuable  ana  attractive  series  of  books  that  have  ever 
been  issued  from  the  jrress." — Sunday  Times. 

"  There  has,  perhaps,  never  been  produced  anything  more  admirable, 
either  as  regards  matter  or  manner." — Oxford  Times. 

"  *  The.  Bayard  Series '  is  a  perfect  marvel  of  cheapness  and  of  exquisite 
taste  in  the  Binding  and  getting  up.  We  hone  and  believe  that  these  deli- 
cate morsels  of  choice  literature  wUl  be  widely  and  gratefully  welcomed." 

Moncoofbrmist. 
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The  Gentle  Life  Series. 

Printed  in  Elzevir,  on  Toned  Paper,  and  handsomely  bounds 
forming  suitable  Volumes  for  Presents. 

Prxct  6«.  taxh\  or  in  cal/extraf  price  lOs.  6rf. 


I. 

THE  GENTLE  LIFE.     Essays  in  Aid  of  the  Formation  of 

Character  of  Gentlemen  and  Gentlewomen.    Ninth  Edition. 

"  //?■«  notion  of  a  gentleman  is  of  the  noblest  and  truest  order 

The  x'olume  is  a  capital  specimen  of  what  may  be  done  by  hcmest  reasim, 
high  feeling,  and  cultivated  intellect.  .  .  .  A  little  compendium,  of 
cheerful  philoxophy." — Daily  News. 

••  Deserres  to  be  printed  in  letters  of  gold^  and  circulated  in  every 
house." — Chamber*'*  Journal. 

"  77ie  u-ritt^s  object  is  to  teach  people  to  be  truthftU^  sinrere^  generous 
to  be  humble- minded^  but  bold  in  thought  and  action."  -Spectator. 

"  Full  of  truth  and  persuasiveness,  the  book  is  a  valuaftle  comt)ontic9t^ 
and  one  to  which  the  reader  will  often  turn  for  companionship." — Morning 
PoBt. 

"  ft  is  with  the  more  satisfaction  that  we  meet  with  a  nrw  essnyut  who 
drlights  uithuut  the  smallest  jial-intry  to  quote  the  choicest  irisdom  of  our 
fore/athers.  and  who  abides  by  those  old-fashioned  Christian  ideas  of  duty 
which  Stetle  and  Addis^n^  wits  and  men  of  the  world,  were  »//*  •ironed 
to  set  before  the  young  Englishmen  of  1713."— London  Review. 


II. 

ABOUT  IN  THE  WORLD.    Essays  by  the  Author  of  ««The 

Gentle  Life." 

**  It  is  not  easy  to  open  it  at  any  page  without  finding  some  happy  idea." 
Morning  Post. 

"  Another  characteristic  merit  of  these  essays  is,  that  thty  mahe  it  their 
business,  gently  hut  firmly,  to  applv  the  qualifications  and  the  corrertions^ 
which  all  philanthropic  theories,  ail  general  rules  or  maxims^  or  prineiptes, 
stand  in  need  of  before  you  can  make  them  worA."— Literary  Charchman. 


List  of  Publications. 


III. 

FAMILIAR  WORDS.  An  Index  Verborum,  or  Quotation 
Handbook.  Affordinff  an  immediate  Reference  to  Phrases  and  Sentences 
that  hare  become  embedded  in  the  English  language.  Second  and  en- 
large<i  Edition. 

'*  Should  be  on  every  library  table ^  by  the  tide  of  *  Bogefs  Thesaurus.' " 
— Daily  News. 

"  Almost  every  familiar  quotation  is  to  be  found  in  this  n-ork^  which 

forms  a  ttook  of  rtference  absolutely  ituHsjteKSfwle  to  the  littrary  man,  and 

«f  intrrKst   and  service  to  the  vubtic  generally.     Mr.  FriswiU  has  our 

best  th/tnks  for  his  painstaking ,  laborious,  and  eonscientuna  work."— City 

Press. 

IV. 

LIKE  UNTO  CHRIST.  A  new  translation  of  the  **  De  Imita- 
tione  Chrifiti,"  usually  ascribed  to  Thomas  d  Kempis.  With  a  Vignette 
from  an  Original  Drawing  by  Sir  Thomas  Lawrence. 

Think  of  the  little  work  of  Thomas  a  Kempis^  translated  into  a  hundred 
languages,  and  sold  by  millions  of  copies,  ami  whichy  in  inmost  moments 
of  deep  thought,  men  make  the  guide  of  their  hearts^  and  the  friend  of 
their  closets.'' — Archbishop  of  York,  at  the  Literary  Fund,  186o. 

V. 

ESSAYS  BY  MONTAIGNE.  E<lit<-a, Compared,  Revised, and 
Annotated  by  the  Author  of  •*  The  Gentle  Life."  With  Vignette  Portrait. 

•*  The  reader  really  gets  in  a  compact  form  all  of  the  charming,  chatty 
Montaigne  thit  he  needs  to  know." — Observer. 

•*  We  should  be  glad  if  any  words  of  ours  could  help  to  bespeak  a  large 
circulation  for  this  handsome  attractive  Ittjttk  ;  ami  who  can  refuse  his 
homage  to  the  good-humoured  industry  of  the  editor." — Illustratea  Times. 

VI. 

THE  COUNTESS  OF  PEMBROKE'S  ARCADIA.    Written 

by  Sir  Philip  Sidney.     Edited,  with  Notes,  by  the  Author  of  "The  Gentle 
Life."     Dedicated,  by  permiraion,  to  the  Earl  of  Derby.    Is.  6(/. 

**  All  the  best  things  in  the  Arcadia  are  retained  intact  in  Mr.  Fri.tuell's 
edition,  and  even  brought  into  prater  prominence  than  in  the  origiiuil,  f-v 
the  curtailment  of  some  of  its  inferior  jtortions,  ami  the  omission  of  most  'f 
its  eclogues  ami  other  metrical  digre-vtions." — Kxaminer. 

**  The  Itook  is  now  presented  to  the  modem  reader  in  a  shape  the  most 
likely  to  be  acceptable  in  these  days  of  much  literature  ami  fastidious 
taste." — Daily  News. 

"  Jt  was  in  itself  a  thing  so  interesting  as  a  development  of  English 
literature,  that  we  are  thankful  to  Mr.  Frisncell  for  reprodtuHng,  in  a 
very  elegant  volume,  the  chief  u-ork  of  the  gallnnt  and  cJitvalrous,  the  gay 
vet  learned  knight,  who  fiaironized  the  muse  of  Spenser,  and  fell  upon  the 
bh>ody  field  of  Autphen,  leaving  behind  him  a  lignt  of  heroism  and  humane 
compassion  which  would  shtd  an  ettrnal  glory  on  his  name,  though  all  ht 
ever  ivrote  had  perished  with  himself"— Loadon  Review. 
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VII. 


THE  GENTLE  LIFE.    Second  Series.    Third  Edition. 

**  There  is  the  same  minffltd  power  and  simf^idiy  which  maJta  the 
author  so  emphntiaiUy  a  first-rate  essayist;  ginng  a  faseinatimi  in  each 
essay  tckich  will  make  this  volume  at  least  as  pofmtar  as  its  elder  brothur," 

These  essays  are  amongst  the  best  in  our  language." — Public  Optnioo 


VIII. 
'VAKIA  :  Readings  from  Rare  Books.     Reprinted*  by  pennis- 

«ion.  from  the  Saturday  liti-ieu\  Spectator^  &c. 

Contents  :— The  AnKelic  Doctor.  Noftradamns,  Thoman  h  Kempiv, 
Dr.  John  Faa!<tiis,  Quevedo.  Mad.  Gayon,  Panurel>n»,  Howell  the 
TraTeller.  Michael  Hcott,  Lodnwick  MuKuleton,  Sir  Thomas  Browne, 
George  Psalmanaxar,  The  Highwajmen,  The  Spirit  World. 

"  The  hooks  discussed  in  this  volume  are  no  less  valuable  than  they  are 
rare,  but  life  is  not  long  eni/ugh  to  allow  a  reader  to  wade  through  such 
thick  foliits,  and  therrfore  the  compiler  is  entitled  to  the  grntttude  of  the 
pulf/ic  for  having  sifted  their  contents,and  thereby  rendereii  their  treasures 
avaUable  to  the'generul  reader." — Observer. 

IX. 

A  CONCORDANCE  OR  VERBAL  INDEX  to  the  whole  of 

Miltnn'K  Poetical  Works.  Comprisinsc  apward*  of  20,000  Rcferencr*. 
Dy  Charles  I).  Cleveland,  LL.D.     With  vignette  Portrait    of  Milton. 

*•*  Thin  work  afford*  an  immediate  reference  to  any  pasMuige  in  any 
edition  of  Milton's  Poems,  to  which  it  may  be  justly  termed  Hn  indis- 
]>eu(iable  Appendix. 

"  An  invaluable  Index,  which  the  publishers  have  done  a  public  serrtce 
in  reprinting." — Notes  and  Qncries. 

X. 

'HIE   SILENT  ITOUK:  Essays,  Original  and   Selected.     By 

the  Author  of  "Thr  Gentle  Life." 


Co.\TE>TS. 
How  to  read  the  {^rriptures   . 
Unreasonable  InOdoiity 
The  Great  Los»  of  the  Worldling  . 
CertaiuU' of  J  »eHth 
On  the  Greatnc>>  of  Go<i 
Our  Daily  Hread    .... 
The  Art  of  CoMtfufment 
The  Foolish  F.xchuiitre   . 
Of  a  Peaceable  Trmper. 
On  the  Marriage  King  . 
Neart* r  to  God  .... 

The  Sanctity  of  Homo    . 
The  Thankful  Heart 
Silence,  Meditiition.  and  Hext. 

And  other  K»says  by  the  Edit 


From  the  HomilieB. 
Isaac  Harrow. 
Richard  naxter. 
Dean  Sherlock. 
Massillnn. 
Dishop  Lutiraer. 
Archbishop  Saudyy. 
Jeremy  Taylor 
Isaac  Uarrow. 
Jeremy  Taylor 
Archbi>hnp  Sandys. 
John  Knskin. 
iMuik  Walton. 


r.     Second  Edition. 
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IiITERATURE,    1VORK8    OF     REFERENCX:,   ETC. 

HE  Origin  ami  Histor^r  of  the  English  Language,  and 
of  the  early  literature  it  embodies.  By  the  Hon.  George  P. 
Manh.  U.  8.  Minister  at  Tnrin,  Author  of  "  Lectures  on  the 
English  Language."    8vo.  cloth  extra,  10s. 

Lectures  on  the  English  lianguage;  forming  the  Introductory 
Series  to  the  foregniug  Work.  By  the  same  Author.  8vo.  Cloth,  16«. 
This  is  the  oaly  author's  edition. 

Man  and  Nature ;  or.  Physical  Geography  as  Modified  by  Human    / 
Action.     By  (ihH>rge  F.  S^ursh,  Author  of  **  Lectures  on  the  English  Lan-  ^ 
guage,"  &c.    8vo.  cloth,  14«. 

"  Mr.  Afarsh,  well  kncnrn  as  the  author  of  two  of  the  most  scholarly 
works  yet  publuihed  on  the  English  Innpwtt/e,  sets  himself  in  excellent 
spirit ^  and  with  immense  learning,  to  indtrate  the  character ^  and,  apinroxi' 
mtttcly,  the  extent  of  the  changes  produced  by  human  action  in  the  pnysical 
condition  of  the  globe  we  inhabit.  In  four  dirifions  of  his  work%  Mr. 
Marsh  traces  the  history  of  human  industry  as  shown  in  the  extensive 
modification  and  extirpation  of  animal  and  reqetable  life  in  the  woods,  the 
waters,  and  the  sands ;  and,  in  a  concluding  chnpter,  he  discusses  the  yro- 
bable  and  possible  geographical  changes  yet  to  be  wrought.  The  whole  of 
Mr.  Marsh's  book  is  an  elotptent  showing  of  the  duty  of  care  in  the  estao- 
hshment  of  harmony  between  man's  life  ami  the  forces  of  nature,  so  as  to 
bring  to  tnrir  highest  points  the  fertility  of  the  soil,  the  vigour  of  the  animal 
life,  and  the  salubrity  of  the  climate,  on  which  we  have  to  depend  for  the 
physiail  well-being  of  mankind." — Examiner. 

Her  Majesty's  Mails:  a  History  of  the  Post  Office,  and  an 
Induittrial  Account  of  its  Present  Condition.  By  Wm.  Lewins,  of  the 
General  Po»t  Office.  2nd  Edition,  revised  and  enlarged,  with  a  Photo- 
graphic Portrait  of  Sir  Rowland  Hill.    Small  post  ^vo.  ri«. 

**  Will  take  its  stand  as  a  really  useful  book  of  reference  on  the  history 
of  the  Post.  We  heartily  recitmmend  it  as  a  thoroughly  careful  per- 
formance." — Saturday  Review. 

A  History  of  Banks  for  Savings  ;  including  a  full  account  of  the 
origin  and  progress  of  Mr.  Gladstone's  recent  prudential  measures.  By 
William  Lewins,  Author  of  •'  Her  Mojesty^s  Mails."    8vo.  cloth.     I2s. 

The  English  Catalogue  of  Books :  giving  the  date  of  publication 
of  every  l>ook  published  ftrom  1835  to  1863,  in  addition  to  the  title,  sise. 
price,  and  publisher,  in  nue  alphabet.  An  entirely  new  work,  combining 
the  Copyrights  of  the  **  London  Catalogue  "  and  the  **  British  Catalogue." 
One  thick  volume  of  900  pages,  half  morocco,  4!is. 
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A  Uetionary  of  PhiiWfpmphy,  o 


Kiier'a  New  uiti  Greatly  Enlnr^  Dleltonotj  «i 

hitmfnmge.     Art»ptwl  for  UWM/or  Col!n|«  F-' 


B«lE  tiTer  pnbllil 

Wrtittr  il  w  flilijeni,   .- 

■obarvr  tad  nfer  bwk.vidiiitjba  prauoau^M  Tbs  beM  n 
Leiircp  /"— ^^A«i*»nt 
Tha  Pablisbers'  Circular,  and  Qenoral  IliHoird  <it  Brit 

FarflfTD  Litermtnro;  jFivtvp  ■ErftnHript  af  Ih*  li'l^pd^fff  «<  . 
pnbLiihrd  in  Onrit  Britain,  ud  eisiy  •rmk  g(  lutcrmt  (Mlhlidwd  M 
wlih  [inu  of  oil  ili«  pnblUbioB  bouxa. 

FnblJ«bDilrrf^lcr1r™<  U»l«t  uidiAib  of  erprrMi 
pofl  ItHloftlL  puu  of  tb«  vurld  on  ptjiavDt  4f  Af.  p< 

A  nandbooh  to  the  Charities  ot  London.      Bj     ^..... 

Landan  indlu  Vlnniij.    A  tinida  u  tlie  Brum  Dint  ud  n  lb 

frince  Albert'i  Golden  Precepti. 

■miph.  &  Uemorlal  at  the  Priiica  CsnsaH:  mopiiilnjr  JIaaia 
KluwU  trmn  AddreHO  ar  Hu  lnic  ll°nl  awbnm  Vmnr  M 
«hr  Aral  Umt  «.ll«i«l  and  i^mrnllr  ■rrMied.  Villi  --  •-*-- 
lUng,  baaiillfiiLIf  printad  on  laned  p*pvr.  rloth.  viLl  b 


Bunil  EHsnyH,     With  Practical  Hints  on  Farming  and  A 
tnr.l  AretuMtnr*.    Br  Ik.Marval.  Aort-'-— --'-«- 
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BIOGRAPHY,   TRAVEIi,  AND    ADVBNTURE. 

'^^i-^^^HE  Life  of  John  James  Aiulubon,  the  Naturalist,  in- 
clndiug  his  Komautic  Adventures  in  the  hack  woods  of 
America,  CorreH)K>udeuee  with  celebrated  Europeans,  &c. 
Edited,  from  materials  supplied  by  his  widow,  by  Uobert  Bu- 
chanan.   8vo.  \^!Shortly. 

Christian  Hcrucs  in  the  Army  and  Navy.  By  Charles  Kogers, 
LL.D.  Author  cf  "  Lyra  Bntanuica."    Crcvm  8vo.  '6x.  ed. 

Leopold  the  First,  Kin^  of  the  Belgians;  from  unpub1ishe<l 
documents,  by  Theodore  Juste.    Translated  by  Uobert  Black,  M.A 

[Jn  preptiratioH. 

Fredrika  Bremer's  Life,  Letters,  and  Posthumous  Works. 
Edited  by  her  sister,  Charlotte  Bremer;  translated  from  the  Swedish 
by  Fred.  Milow.     Post  Bvo.  cloth.     lOs.  6d. 

The  Hise  and  Fall  of  the  Emperor  Maximilian :  an  Authentic 
History  of  the  Mexican  Empire,  1861-7.  Together  tvith  the  Imperial 
Corre8|K)ndeuce.    With  Portrait,  8vo.  price  10*.  6d. 

Madame  Rucamier,  Memoirs  and  Correspondence  of.  Trans* 
lated  from  the  French  and  edited  by  J.  31.  Luyster.  With  Portrait. 
Crown  Jjvo.  7*.  6f/. 

Plutarch's  Lives.  An  entirely  new  Library  Edition,  carefully 
revised  and  corrected,  with  some  Original  Translations  by  the  Editor. 
Edited  by  A.  H.  Clongh,  Esq.  sometime  Fellow  of  Oriel  College,  Oxford, 
and  late  Profe^isor  of  English  Language  and  Literature  at  University 
College.    5  vols.  8vo.  cloth.    21.  lOs. 

Social  Life  of  the  Chinese :  a  Daguerreotype  of  Daily  Life  in 
China.  Condensed  from  the  Work  of  the  Rev.  J.  Donlittle,  by  the  Rev. 
Paxton  Hood.    With  above  100  illustrations.      Post  &vo.  price  St.  M. 

The  Open  Polar  Sea :  a  Narrative  of  a  Voyage  of  Discovery 
towards  the  North  Pole.  By  Dr.  Isaac  I.  Hayes.  An  entirely  new  and 
cheaper  edition.    With  Illustrations.    Small  post  8vo.    6s. 

The  Physical  Geography  of  the  Sea  and  its  Meteorology ;  or,  the        > 
Economy  of  the  Sea  and  its  Adaptations,  its  Salts,  its  Waters,  its  Climates,    ^ 
its  Inhabitants,  and  whatever  tnere  may  be  of  general  interest  in  its  Com- 
mercial Uses  or  Industrial  Pursuits.  By  Commander  M.  F.  Maury,  LL.D 
Tenth  Edition.    With  Charts.     Po&t  8vo.  cloth  extra,  6s. 

Captain  HalPs  Life  with  the  Esquimaux.  New  and  cheaper 
Edition,  with  Coloured  Engravings  and  upwards  of  100  Woodcuts.  With 
a  Map.  Price  7s.  tfc£.  cloth  extra.  Forming  the  cheapest  and  most  Dopn- 
lar  Edition  of  a  work  on  Arctic  Life  and  Exploration  ever  publishea. 

**  This  is  a  vety  remnrknble  book,  and  unless  wr  very  murk  misunder- 
stand both  him  and  his  book,  the  author  is  one  of  those  men  of  whom  great 
nations  do  well  to  be  proud." — Spectator. 
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The  Black  Country  and  its  Green  Border  Land ;  <>r.  Expedi- 
tions and  Kxplonitions  roand  BirmiDgluun,  Wolverhampton  *  &r.  Bj 
Eliha  ])arritt.    Svo.  cloth,  prire  12s. 

A  Walk  from  London  to  John  O'Groats,  and  from  London  to 
the  Land's  End  and  Back.  With  Notes  by  the  Way.  By  Elihn  Barritt. 
Two  vols,  price  dv.  each,  with  Illostrations. 

*•  No  one  can  fake  up  this  bnok  tcithout  rendina  it  ihrough.  We  knd 
thought  thiit  I-Mu  Jhimtt's-  Walk  to  John  (/Gmnt'x  Unuxe*  n-at  the 
most  fterfecf  spcnim  n  of  its  kind  that  had  ever  stm  the  light,  so  aeninl, 
lively,  ami  prartinil  tctre  the  detaih  he  had  brought  tmjeiher ;  hut  'he  has 
beaten  his  former  litirary  production  out  of  the  field  by  this  additional 
evidence  of  acuteness,  impartiality,  and  good  sound  sense." — Bell's  Weekly 
Messenger. 

The  Voyap^  Alone ;  a  Sail  in  the  "  Yawl,  Rob  Roy."  By  John 
M'Gregnr,  Author  of  *'  A  Thousand  Miles  in  the  Hob  Roy  Canoe."  With 
Illubtruliuns.     Price  5s. 

A  Thousand  Miles  in  the  Rob  R4iy  Canoe,  on  Rivers  and  IiQkes 
of  Karope.  By  John  M'Un^or,  yC.A.  Fifth  edition.  With  a  Map, 
and  nnuierons  Illostrations.     Feap.  8vo.  cloth.     Price  5s. 

The  Rob  l^^y  on  the  Baltic.  A  Can«ip  Voyage  in  Nonray, 
Hweden.  &c.  By  Jolin  Margivgnr,  M.A.  With  a  Map  and  nomerons 
Illuvtrations.     Fcup.  8vo.     Price  os. 


NE\(r   BOOKS    FOR   YOUNG   PEOPIiE. 

TORIKS  of  the  Oorilki  Country,  narrated  for  Younp 
People,  by  Punl  iJu  Chailln.  author  of  "  J)iscoTeries  in  Eqna- 
toriul  Africa,"  &c.  Small  post  8vo.  with  ii6  origiual  Illnstra- 
tions,  ttff. 

"  //  xcmtld  be  hard  to  find  a  more  interesting  Intokfor  boys  than  this.^ — 
Times. 

"  You  Hi/  j'enpte  trill  (Main  frtim  it  a  very  eonsid*-raltlr  amnHnlofin' 
fiirmul  iuni  toui'hin'i  fhrmanaent  and  ntstums,  ways  and  means  uf  Afri/'ans. 
and  if  niui'se  great  amutrnunt  in  the  accitunts  of  the  Gorilla.  The  In  oft 
is  ri  ally  a  mt  rituriiais  work,  ami  is  elegantly  got  up." — Athenvam. 

Life  amonp:st  the  North  and  S4>uth  American  Indians.  By 
George  Cutlin.  And  Last  Rambles  aroon^rst  the  IndinuD  beyond  tKe 
Uocky  MountaiuH  and  the  Andes.  With  numerous  Illustrations  by  the 
Author.    2  voU.  smull  por<t  8vo.  fiS.  each,  cloth  extra. 

•'  An  admirahlr  lMnik,full  of  useful  iuft/rmation,  wrapt  up  in  st'iries 
peculiarly  ad-ipted  to  rouse  the  \mn  inatwn  and  stimulate  the  curiosity  if 
boys  and  girls.  7?/  entnpare  a  li-iik  with  *  liohinson  Crusne*  and  to  nay 
that  it  sustains  such  comparison,  is  to  give  it  high  praise  indeed."— 
Athenvum. 


Lift  of  Publicatumt. 


The  Murrcli  of  Untica.    Br  F.  Marion.    TraDilated  and  editnt 
b;  C.  W.  Qnin.   Vith  6D  iCiutruioiu.    Cloth  ntn.    5i. 

"  A  moMi  iHtfntfliFe  and  fnttTfuiHing  nlvHft  evmpruiHfi  not  onh  tf 
cartftdlu-vritttn  aud  vafvbtr  aceuumt  1^  tht  pktHumtitit  <'f  rition  oKifthn 
Inwfofli.jU.ntiU'alTatrdbuthiUUatdimr'Tttiaiid^iUnB^uUiifoiiT 

Alia  miA™. 
Thudar  Hid  Ufihtnln^.    From  Ai  Fw.ch  of  S>  F<>n>i<-llc,  by  U.  T 
L.  FhipHD.     Wilb  39  inll-pifR  WaidcaU.     U, 
Alwvn  Miirhin  ;    his  Sch.wl  anil  liia  St-tio..1fi!llritv3.      A  &XoTy  of 

The  Silver  Skates;  a  Storv  uf'uoUuid  Lif?.    >:diU'd  by  W.  U.  G. 

KingilDD.    Illstlntisl.  ui>ll  pm  Km  dolb  ulra.  Si.  U. 
Tbe  Vuyam  of  the  Constance;  a  tatu  uf  the  Polar  Soas.    By 

MuryUmin.  Kew Edition, wilhalUoMnlioubrCbvUtKniiB.  Foy. 

The  Boy's  Own  Book  of  BuaCs.     A  I)pscripUon  i.f  every  Craft 

Ihit  will  BDon  tbr  •nlcn:  ind  how  to  Miikc.  Ri)i.  ud  »ul  llodcl 
BoaU.  by  W,  H.  O.  KlDnlin.irilb  UDOwniu  lllii>liuitii>  by  £,  Wicdon. 

"  Thu  KnU'Kritten,  tetll-uttiu^ht  ImvA." — AlbcaeDm. 
Alu  by  Mt  lamr  .rfirf*ar, 
Eronl  Bnrebridp:  or.  Bio^iOwn  BoDkor^rtB.    3t.  6^. 
The  Fire  Bbip^    A  etntr  oT  tbe  Uin  ofLord  Cocbnue.    St. 
TbeCniMofthtFnlir.    G>. 
JukBiiutliiia^  th.<Lifeor>B)u]orBsr.    lis. 
The  True  Hia((iry  uf  Dame  Perkins  and  her  Grer  Mare,  and 
their  ran  with  Ihr  tloandL    Told  for  tb«  CovDIriiide  ud  ihe  FimLde. 
By    Uadea    Mitdowi.    With   Kiiiht  CaUiorHl  IILgiinllDDi  by  Fhii. 

Great  Fun  Su.ries.     ToH  by  Thomsa  Hood  and  Thomaa  Archer 
to  «8  eolonwd  pi.;iDrct  of  Edwwd  Wehncrt.     Buiiiifully  printed  in 

The  Cherrr-colonred  C.t.  The  lit.-  Itookiog-Hort.'.  Muter  Mii- 
tbier.  CoDiiu  Nellie.  IIutt  Hiab-Httpper.  tinudmuiunk'«HpectHliM. 
Uo*  the  UouK  m*  Boill.     Dog  Toby. 

r  Ultle  Friends.     By  Harriet 

A  Book  of  Lnvglaerja  Yaag  and  Old. 
Bushel  of  Merry.Thoughts,  by  Wilbrlm  Busch.    Including  the 
Nenibiy  Boyi  of  Cohmh.  tbe  Childm  Ihu  took  the  eogu  Cake,  lee 
Feier.  tLr.    AnnolKled  ud  UrsuneDted  by  Hmtj  Uogert.  I'lwn  St.  td. ; 


mi 
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Under  tlie  Waves ;  or  the  Hermit  Crab  in  Society.  By  Annie 
K.  Hi(llt>y.  Iinpl.  lOino.  cloth  extra,  with  coloured  illutration  Cloth, 
As. ;  gilt  edKi'9,  4Jt.  6(/. 

Aiso  hvnutifully  flluttrtittd : — 

Little  Biril  Red  and  Little  Bird  Blue.    Coloured,  j^. 
Suow-Flakf-H,  and  what  they  told  the  Children.    Colonre<l,  &*. 
Child's  Book  of  the  Hagacity  of  Animals,    hx. ;  or  cr>loured,  7^.  6ri. 
Child'd  Picture  Fiihle  Book.    n«. ;  or  coloured.  Is.  6//. 
Child'8  Treu^tlry  of  Story  ]3'>ok>>.    bf. ;  or  coloured,  7«.  6</. 
The  Nursery  IMaymute.    2uO  Pictures,    bs. ;  or  coloured,  (M. 

Golden  ILuir;  a  Storv  for  Younpj  People.  By  Sir  LasccUoii 
Wraxnll,  Bart.     WithEi^ht  full  page  Illut>trationii,  r>«. 

Alvo,  fiime  price,  full  of  llhutratiuns : — 

Black  Panther;  a  Boy'H  Ad\euture»  among  the  Re<i  Skins. 

Stanton  (trnnge;  or,  Boy  Life  at  a  Prixule  Tutor'*.     By  the  Re* .  C.  J 

.■\tkin>un. 

Paul  Duncan's  Little  by  Little;   a  Tale  for  Boys.      Edited  by 

Frtiuk  Frrcmiin.     With  an  Illustration  by  Charle*  Keene.      Feap.  bvo. 
cloth  2.«. :  gilt  edges,  2jt.  'M.    Alsto,  same  price, 

Boy  ^lis^ionury ;  a  Tale  for  Young  Pi>opIe.    By  Mrs.  J.  M.  Parker. 

nilticultiesi  Owrcome.     By  Mi»«  Brightwell. 

The  Babeai  in  the  Biisket :  a  Tale  in  the  West  Indian  InHurrection. 

Jack  Buntline  ;  the  Life  of  a  Sailor  Boy.     By  W.  H.  G.  Kingiiton. 

Tho  Swiss  Family  Kobinson ;  or.  the  Adventunis  of  a  Fatber  and 
Motlier  and  Four  Sons  on  a  Dcnert  I*»land.  With  Kxplanutory  NoteA  and 
IllnstratiDUS.  Fin>t  and  Second  Serieii.  New  Kdit ion,  complete  in  one 
Volume,  ^.  (V/. 

Gco^rraphy  fi»r  my  Children.  By  Mrs.  Hnrriet  Boecher  Stowe. 
Author  of  '•  rnrlc  T<iiii'*>  Culiin,"  lVc.  Arranged  and  Kdite<l  I)y  an  Kne- 
lish  I.Hdy.  nntlcr  thf  Direction  of  the  Authortssv.  With  upwanUt  of  FiAy 
illuxtrations.     Cloth  extra,  As.  Qd. 

Storit's  of  the  WoikIs  ;  or,  the  Adventures  of  Leather-Stcvkinf^  : 
A  B'tok  for  Boys,  compiled  from  roo{>er's  iSeriui  of  **  Leat her- 1" fork iug 
Talea."     Fcap.  doth.  Illustrated,  os. 

Child's  Play.  Illustrated  with  Sixteen  Coloured  Drawings  by 
E.  V.  B..  printfd  in  fa«"-s«imile  hy  W.  Dicke*'  process,  and  ornaineut«K{ 
with  Initial  Letters.  New  fdition,  with  India  piip»T  tint*,  royal  8xo. 
clrifh  extm.  btxdlcd  cloth.  7<.  6(/.     The  Original  Edition  of  thin  work 

\vu<'  ]iiil)li»hed  at  <.-ue  Uuinca. 


List  of  Puhliaitiota. 


•m*,"  "^  North 

VikQ^JI        I'DABit"  at.    IB  oar  vol  icHp.  0VD.  pnrt  w. 
tJ^^xSf  "  ^'  ^'°^'  "  ^'^  '^  /wpju  oi  hWJ  a*  rrmtt  npf  onfyfitr  tke 

*'"™"  buigmphu^U  tttay  on  J>itui  Gray^ — an  «Aiy  «■/  MmrA  aufrt 

Oan  drrp  intaiM,  if  mrr  lanrer,  nni  a  ilrangt  mim/iauHmal  patiai^- 

thifkljf  *i^iMkifd,  Kf  iidJHil^  uilh  ^mgn  ntbuttn^r—om  jtuttrVj,  and  tlu 
rtiiy-'Hilnditiltutt/lieA  tHudtm  p6tU  $&vid  pid  bef-jre  thent," — ^rvUlor. 

Thp  Book  of  the  Sminet;  bein?  Selcctinns,  with  an  E«Mr  nn 
Hnnnrti  Mill  SoDDClrtn.  Bf  IbE  \tlt  Lttih  llant.  Kdtled.  fram  the 
oriFioKl  UH.  viih  Ailrlitioiu,  bj  S.  Adupi  £«.    3  volt,  prin  IfU. 

"  ItFifliRp  a  toiMt  of  1  flit  tort  tA/mldmnJtenifirlprfmdo/oufUtiffUirgr 
nnd  '•four  titrr-ifurtt 'iml  proud  fl/»  o/th/it  rMlhrntrd  nmmonn^turr 
n-kirh  f'tH  niiv  tp  m'ltry  mifilr  thfmghtt  and  rivim  out  o/thu  Anni,titHni 
v.vM  iH'ii  1  fituwfiml  nvfuniw/umu  of  btaulu.  Tin  ■  Beek  of  thf  .•*,»- 
mi-  tlamUlr  a  rlwir.  .mrf  t/u:  pmfiaor  ai  H-ra  ni  rhe  Hiidml  u/  Btj/o* 
H-iff  /fndit  it  Korkt^drrp  Mertat  and a'npit1titeu."—Loa4onaiKviKm. 

Euf^ish  ami  Seowh  BuIIuIb,  &c.    An  extensive  OilIectioD.     De- 

si|tnrtjM*Coinplenr--' ~- "■-    "■--*--'-■-- "_^^-_i.  n.   ._   — i  — L_.   :__ 
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T>it   Aiit«cr)it  of  the  Bn.'Bkfast    Tkble. 


ikh  iher 


Wenileli 


■*  j4  irWiiPiq^  f-iiok-     It  nwy  *e  fo^n  up  again  imt  aaitin,  aKd  ilt  pagrs 
p-ivtfj  tinr  f^T  titf  ntf'iyiHi-ml   iif  the  pimiiint  taiKhet  and  tifjgertirt 

Roo-Kneping.    Bj  "The  Times"  Dee-maslcr.    Snutll  post  Sro. 
■'  llxrfruml  llir  th,-m.iiltT  hat  thr  knark  of  rj 


QupiT  Ijttic  Penple.     By  the  Author  of  "  Unck  Tom's  Cabin.*' 

FniK     U.     AllKi  *y  thr  unr  AaHair. 

The  Littli  Fom  tint  Ppinl  Ibe  Onpct.  l(. 

HsDW  and  IImbc  fmtrr.  1>. 

Thr  P«ri  gr  (Dt'i  iJuid.  lllulnted  hf  Oilbnt.  Si. 

The  MiuJitEi'i  Wooiic.    Illutnled  bj  Phil.  Si. 


,  .Vi;  I.  <>--^ 


l(i       Saminon  Low  and  Co.'i  Litt  of  Puhlieatio'M. 
Eiilcrtuning  and  KNrellenC  Suirics  liir  Young  Lailios,  3*.  Crf.  t: 

tlolh.  pi  I  riffrr. 

UrliniF.:l(onVQneftinn:  ■  Iloili  fir  Oirli.    Bt  ;\nfi>  WtMf. 

F.iihUutary'gliirlhfnl.    Uy  SIn.U.T.  Whiln.T'    t^inth  thnn 

Till:  OuTwrinhva.     Ilv  Ihn  •unr  Anlhor.     1  bini  Kdlliml. 

A  Mnmm.T  ill  Lnlic  boiathwiitn'ii  Lifi.    »y  1h.>  >amr  Anthnr. 

The  Muqoe  M  Ladlow.    Itj  Iha  Anlho-sf  "  Mary  Poirrll." 

Uhsltid^FnAUiw:,  ■Stlt^WBUrHlarr.     Ilrthrm       '     ' 


TlKJili 


ir^de.   .IVolU.totAi 


.  Ku|El«. 


•r  Kditii 


Marian  5  or,  the  Light  of  Some  One's  llumo.     Hy  >raiid  Juii 


F.nll/ii  C 


Al*o.  bi/  thr  ft 


lIlTlllF.     .^. 


irei'mAnol 

Tauuhnitx'H  Rnf;liah  Eaitiuni  .>f  German  Authors,     The  ToUou- 

I.  Dothr  He' 
a.  In  thB  V<'> 


IF  Ilei^hli.    Uy  B.  Aa«-)i>rh. 


.    Hy  Uoothi. 

r,  Bud  iXhET  T 

.hi.1^    Uyl". 


i.^''?". 


nt.     I 


«.  The  PriD 

Liitc*x  GtpyrvjAI  dvtip  ^rrittt-f  Am 


ii'h  7a  ho 


Kuh  mmplrlf  in  \Xtr\X,  pTinl«d  tfm  w*  Inw,  vith  inilisi  ■•'Iti-n  (inl 
sniuwiil<>.  to  ba  palillihel  it  thf  kw  prkv  i>f  It.  iV/..  »iff  Finir  iir  cl^ili. 
Th«  Itnl  VnlniM  in  Ike  N«w  H^im  will  ii|i|>pipria>vly  Iw  Ihe  Notil  with 
*hirh  thp  AnvlD-ABDrrlemD  Copnliht  iMfltc  \a%  \wvn  buirht  nuil  wui.  v-^ 
Imdi  known  in  hit  Un  CsnrU  u3  ■>  l»|i  >i»|wi>doil  in  ,i<ihiiintjan.     Ily 

thtnia  •MurLd'lo  IheVnwBt  Pnblt^n,  enlili  "d— "  '  '""     "  '"'"'"     ** 
HauDtetl  UeartS!   A  Tale  of  New  Juney.    By  the  Anthur  of 
-Tim  Lnnnliihtrr."  !l)t  tic  lit  (Vfrjh'r. 

ADd  Ihe  •r.-ond. 
The  Guiirdian  Anffel.    By  the  Author  of  "  The  Aut-* 
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D333  Maury,  Matthew 

M459    The  physical  geoeraohy  of 
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